AO-AO??  709  ARMY  MILITARY  PERSONNEL  CENTER  ALEXANDRIA  VA  F/6  8/9 

THE  state  of  the  ART  OF  EROSION  AND  SEDIMENT  CONTROL  FOR  SURFAC— ETCIU 
NOV  79  J  L  GILBREATH 


UNCLASSIFIED 


NL 


THE  STATE  OF  THE  ART  OF  EROSION  AND 


SEDIMENT  CONTROL  FOR  SURFACE  MINED  AREAS 


JOSEPH  L.  GILBREATH 


/  The  State  of  the  Art  of  Erosion  and  Sediment  Control  for 
'  Surface  Mined  Areas  •  - - - 


^“^oseph  L* 

HQUA,  MiLkSRCElT 
200  Stovall  Street 
Alexandria,  Va  22332 


llbreathV  Captain 
^(D3W-0PP-E) 


Approved  for  public  release i  distribution  unlimited. 


A  thesis  submitted  to  The  Ohio  State  University,  Columbus,  Ohio, 
In  partial  fulfillment  of  the  requirements  for  the  Degree  Master 
of  Science  of  Civil  Engineering, 


THESIS  ABSTFIACT 


THE  OHIC  STATE  UNIVERSITY 
GRADUATE  SCHCCL 
(Please  type. ) 

NAME:  Joseph  L.  Gilbreath  rr^uARTER/ YEAR:  Autumn/1979 

DEPARTMENT:  Civil  Engineering  DEGREE:  Master  of 

Science 

TITLE  CF  THESIS:  The  State  of  the  Art  of  Erosion  and 

Sediment  Control  for  Surface  Mined  Areas 


Summarize  in  the  space  below  the  purpose 
and  principal  conclusions  of  your  thesis. 


This  thesis  attempts  to  define  the /State  of  the  Art 
of  sediment  and  erosion  control  for  surface  mined  areas 
with  emphasis  on  sediment  ponds.  Additionally,  pertinent 
hydrologic  aspects,  sediment  characteristics,  and  the 
erosion  processes  are  briefly  reviewed.  Consideration 
is  given  to  the  uses  of  computer  models  as  design  or 
analysis  tools.  Finally,  the  thesis  is  summarized  in 
tabular  form  providing  a  convenient  index  for  all  ref¬ 
erenced  material.  Also  ineluded;vin  the  last  chapter 
■^s  a  list  of  current  research^a  list  of  needed  research^ 
and  the  author’s  conclusions  and  reccmmendatiorwS.  ^ 


\ 


Adviser’ 


•s  --ture 


THE  STATE  OF  THE  ART 
OF  EROSION  AND  SEDIt^ENT  CONTROL 
FOR  SURFACE  MINED  AREAS 


A  Thesis 


Presented  in  Partial  Fulfillment  of  the  Requirements 
for  the  Degree  Master  of  Science  of  Civil  Engineering 


Joseph  L.  Gilbreath,  B.S 


The  Ohio  State  University 


Approved  by 


Advisor 


Department  of  Civil  Engineering 


ACKNOWLEDGEMENTS 


I  would  like  to  acknowledge  and  thank  the  United  States 
Army  for  its  financial  support  in  the  form  of  a  fully  funded 
graduate  school  fellowship*  Additionally,  I  would  like  to 
thank  the  Mining  and  Mineral  Resource  Research  Institute  of 
The  Ohio  State  University  for  its  financial  assistance* 

I  wish  to  express  my  sincere  appreciation  to  Dr. 

Vincent  T*  Ricca,  my  graduate  advisor  for  his  guidance  and 
inspiration  tliroughout  my  undergraduate  and  graduate  work* 

I  would  also  like  to  thank  the  other  members  of  my 
reading  committee,  Dr*  Keith  W*  Bedford  and  Dr*  Calvin  J. 
Konya,  for  reviewing  my  thesis  and  for  providing  helpful 
comments* 

Appreciation  is  extended  to  all  the  Individuals  in 
universities,  government  agencies  and  private  practice  who 
willingly  provided  me  with  pertinent  information  throughout 
my  study, 

I  owe  a  special  thanks  to  my  sister,  Cathy,  for  her 
assistance  in  preparing  and  typing  the  draft  and  final 
copies  of  this  thesis.  Her  cheerful  willingness  and  long 
hours  of  work  were  essential  in  meeting  the  final  deadlines. 

Finally,  I  would  like  to  acknowledge  the  love,  support 
and  encouragement  which  I  have  always  received  from  my 
parents,  sister,  and  fiancee,  I  therefore  dedicate  this 
thesis  to  Mom,  Dad,  Cathy  and  Patricia  Lee. 


TABLE  OP  CONTENTS 


List  of  Pigiires  iv 
List  of  Tables  v 
Chapter 


I 

INTRODUCTION 

1 

Background  Review 

1 

Purpose  of  Thesis 

4 

Approach 

5 

Thesis  Content 

5 

II 

HYDROLOGY-SEDIMENT -EROSION 

6 

Introduction 

6 

Hydrology 

7 

Sediment 

15 

Erosion 

24 

Measurement 

36 

III 

EROSION/SEDIMENT  CONTROL 

42 

Introduction 

42 

Erosion  Control 

43 

Sediment  Control 

51 

IV 

DESIGN  OF  SEDIMENT  PONDS 

53 

Introduction 

1 

53 

Types  of  Ponds 

53 

Frequently  Encountered  Problems/ 
Operating  Procedures 

55 

Design  Criteria  and  Considerations 

59 

ii 


V 


VI 


Pond  Size 
Number  of  Ponds 
Pond  Shape 
Inlet  Desi^ 

Outlet  Design 
Baffles 

Flocculation/Coagulation 
High  Rate  Sedimentation  Devices 


66 

68 

69 

76 


77 

79 


MODELS 


81 


Introduction  81 

Hydrograph  Models  81 

The  WASH  Model  82 

O.S.U.  Version  of  SWM  83 

USDAHL-70  84 

Purdue  85 

Sediment  Yield  Models  86 

David  and  Beer's  Model  86 

Onstad  and  Foster's  Model  87 

Simon's  Model  87 

Pond  Design  Models  88 

Nesbitt  and  Nortary's  Model  88 

DEPOSITS  Model  89 

SUMMARY  AND  RECOMMENDATIONS  91 

Introduction  91 

Summary  91 

Current  Research  104 


Conclusions  10? 

Research  Needs  110 


?.  e  c  ommenda  t  ions 


111 


APFSrOIX 


113 


REFS^.SNCES 


116 


iii 


/ 


LIST  OP  FIGURES 


Rainfall  Intensity-Duration- 
Frequency  Curve 

Rainfall  Hyetograph 

Hydrograph  Terminology 

Classification  and  Size  Range 
of  Sediment  Particle 

Dovmhill  Transport  of  Soil 
Particles  hy  Splash 

Risers  With  Draw  Down  Devices 


Page 


iv 


LIST  OP  TABLES 


Settling  Velocities  of  Sediment 
in  Water  at  15*5°  C 

Values  of  LS  Factors  for  Specific 
Combinations  of  Slope  and  Steep¬ 
ness 

Short  Circuiting  Factors  for 
Settling  Tanks 

Sediment  Storage  Vol\imes 

Recommended  Length/Vidth  Ratios 

Summary  of  Methods  and  Techniques 
to  Describe  and  Predict  Sediment 
Characteristics,  Concentrations, 
and  Rates 

Summary  of  the  State  of  the  Art  of 
Erosion  and  Sediment  Control 

Summary  of  Sediment  Pond  Design 
Considerations 

Summary  of  Reviewed  Models 


CHAPTER  I 


INTRODUCTION 


BACKGROUND  REVIEW 


Population  growth,  the  increase  in  energy  demand  per 
capita,  recent  public  dissatisfaction  with  nuclear  energy, 
and  reductions  in  foreign  oil  imports,  all  combine  to  in¬ 
tensify  the  energy  crisis  experienced  by  the  U.S.  today, 
Rilelyi  reports  that  in  this  century,  the  U.S,  doubles  its 
power  consumption  every  decade,  Jones^  predicts  that  con¬ 
sumption  of  electrical  power  will  rise  from  1,550  billion 
kwh  in  1970  to  3»035  billion  kwh  in  1980,  while  Dunham  et 
al,3  predicts  the  per  capita  consumption  of  electricity 
will  climb  from  7,800  kwh  in  1971  to  32,000  kwh  by  2000, 

In  light  of  the  difficulties  presently  faced  in  using 
nuclear  power,  and  of  obtaining  oil,  it  is  reasonable  to 
assume  that  coal  will  be  heavily  relied  upon  to  help  meet 
the  rising  energy  demand,  Dunham3  estimates  that  the  U.S. 
has  3  trillion  tons  (2,73  x  10l2  mt)  of  domestic  coal  of 
which  200  billion  tons  (181,8  x  109  MT)  can  be  economically 
mined  with  present  technology.  In  a  study  conducted  by  the 
National  Academy  of  Engineering,  it  was  concluded  that  coal 
production  will  need  to  be  increased  from  an  estimated  675 
million  tons  (6,13  x  10°  MT)  in  197^  (Overton^)  to  1,2  bil¬ 
lion  tons  (1,09  X  lo9  MT)  per  year  by  1985  (Bagge5),  Poe°  in 
dicates  that  this  figure  may  be  as  high  as  2,6  billion  tons 
(2,36  X  109  MT)  if  imports  of  gas  and  oil  are  restricted  and 
may  rise  as  high  as  4  billion  tons  (3*63  x  lO^  mT)  by  2000, 

As  in  the  use  of  nuclear  power  and  oil,  coal  as  a  source 
of  energy  is  not  problem  free.  One  of  the  major  problems 
now  facing  the  coal  industry  is  the  polluting  of  streams  and 
rivers  by  sediment  which  is  eroded  from  the  land  disturbed 
during  surface  mining  operations.  Of  all  the  coal  used  in 
1974,  it  is  estjLmated  that  over  was  extracted  by  surface 
mining  (Overton"^),  In  19'70,  Collier  et  al,7  reported  on  a 
study  aimed  at  evaluating  the  hydrologic  impact  of  surface 
mining.  The  study  involved  Seaver  Creek  in  south-central 
Kentucky,  and  it  revealed  that  the  surface  mined  watersheds 
yielded  an  average  of  1900  tons  of  sediment  per  square  mile 
(666,9  KT/km^)  per  year  during  the  four  years  following  com¬ 
pletion  of  surface  mining  operations.  This  Is  conpac-i 


-1- 


2 

to  25  tons  per  square  mile  (8,78  MT/km  )  per  year  for  a 
similar  unmined  watershed.  In  1971 1  Cvirtis®  reported  on  a 
study  of  the  Leatherwood  Creek  basin  in  Breathitt  County, 
Kentucky,  It  was  found  that  suspended  solids  (SS)  concen¬ 
trations  in  three  watersheds  within  the  Leatherwood  Creek 
basin  increased  substantially  during  the  active  mining  per¬ 
iods,  The  highest  SS  concentrations  for  each  of  the  three 
watersheds  were  recorded  as  46,400,  26,900,  and  9,600  parts 

rer  million  (ppm),  compared  to  SS  concentrations  of  I50  ppm 
n  adjacent  undisturbed  watersheds.  Many  more  examples  of  a 
similar  nature  can  be  found  in  the  current  literature.  It 
is  sufficient  to  say  that  surface  mining  greatly  increases 
the  suspended  solids  concentrations  in  the  streams  which 
receive  runoff  from  the  disturbed  land. 

It  is  estimated  that  from  all  sources,  for  Instance, 
agriculture,  forests,  construction  sites,  roadways,  sxir- 
face  mining,  etc,,  a  total  of  3,6  billion  metric  tons  of 
sediment  is  eroded  each  year  in  the  United  States,  Of  this, 
about  1,8  billion  metric  tons  enter  streams  and  rivers 
(Highfill9), 

The  pollution  of  water  by  sediment  is  a  multifaceted 
phenomenon.  Besides  being  the  major  water  pollutant  by 
weight  and  volume,  sediment  has  been  found  to  be  a  carrier 
and  storage  agent  of  pesticide  residue,  adsorbed  phos¬ 
phorus,  nitrogen  and  other  organic  compounds,  and  pathogenic 
bacteria  and  viruses^O,  Furthermore,  sediment  affects  the 
biota  in  several  ways.  Silt  and  fine  sands  can  accumulate 
on  stream  beds  and  eliminate  spawning  grounds  as  well  as  the 
habitat  of  aquatic  insects  which  form  the  food  supply  of 
fish.  Certain  types  of  fish  experience  gill  and  breathing 
structure  injuries  due  to  the  suspended  sediment  in  the 
water.  Additionally,  suspended  sediment  restricts  light 
penetration  which  alters  the  water  temperature,  and  reduces 
photosynthesis  both  of  which  adversely  affects  the  entire 
biota.  Sediment  deposits  in  streams  and  channels  reduce  the 
flow  carrying  capacities  and  thereby  increase  the  risks  of 
flooding.  Deposits  in  harbors,  reservoirs,  and  navigable 
waterways  require  costly  dredging  operations.  Turbid  water 
increases  water  treatment  plant  costs  and  reduces  pump  and 
turbine  life.  Finally,  sediment  polluted  water  reduces  its 
aesthetic  and  recreational  value, 

In  1977,  Heft^3  reported  that  the  annual  loss  in  Ohio 
alone  due  to  sediment  amounts  to  $94,336,000,  This  loss  in¬ 
cludes  the  cost  of  dredging  sediment  from  harbors  on  Lake 
Erie,  sediment  removal  from  drainage  channels  and  highway 
ditches,  sediment  damages  to  inland  lakes  anl  reservoirs, 
treatment  and  filtering  of  ’water  for  municipal  and  indus¬ 
trial  use,  sediment,  fertilizer  and  nutrient  less  from 


agricultiiral  cropland  and  loss  of  fish  and  other  wildlife. 


It  should  be  noted  however,  that  although  man  has  in¬ 
creased  the  sediment  load  in  our  waterways,  erosion  and 
sediment  are  natural  phenomena  which  existed  prior  to  man 
disturbing  the  earth's  surface.  It  is  not  therefore  desirable 
to  completely  eliminate  sediment  in  all  streams  and  rivers. 
Gessler^^  discusses  an  interesting  approach  to  establishing 
sediment  standards  in  rivers.  He  notes  that  the  different 
disciplines  concerned  about  sediment  (ie,  conservationist, 
agronomist,  hydrologist,  biologist,  fluvial-morphologist) 
view  it  from  different  perspectives  and  that  each  group's 
interests  need  to  be  considered  when  setting  standards.  He 
also  discusses  the  dilemma  of  determining  the  “natural" 
sediment  load  of  a  waterway.  Without  becoming  involved  in 
lengthy  discussions,  it  is  desired  to  point  out  two  items. 

One  is  that  the  setting  of  standards  should  not  be  arbi¬ 
trary.  and  the  second  is  that  completely  sediment  free  water 
is  not  necessarily  desirable. 

At  present,  the  primary  concern  of  coal  operators  is 
the  recently  enacted  Federal  regulations  governing  surface 
mining  operations.  Although  coal  operators  will  be  governed 
by  state  regulations,  the  state  regulations  must  meet  or  ex¬ 
ceed  the  standards  set  by  the  Federal  regulations.  State 
standards  are  not  expected  to  exceed  those  presently  set  by 
the  Federal  regulations.  (At  the  time  of  this  writing,  most 
state  permanent  regulations  are  still  unpublished.)  The 
items  of  the  Federal  regulations  that  directly  affect  coal 
operators'  sediment  control  programs  are  quoted  here  from 
the  Federal  Register. 


1)  "Para,  816,42  Hydrologic  balance i  Water  quality 
standards  and  effluent  limitations, 

(a)(1)  All  surface  drainage  from  the  disturbed 

area,  including  disturbed  areas  that  have 
been  graded,  seeded,  or  planted,  shall  be 
passed  through  a  sedimentation  pond  or  a 
series  of  sedimentation  ponds  before  leav- 
the  permit  area," 

2)  Para,  816,42 

I 

"(a)(7)  Discharges  of  water  from  areas  disturbed  by 
surface  mining  activities  shall  be  made  in 
compliance  with  all  Federal  and  State  laws 
and  regulations  and,  at  a  minimum,  the  fol¬ 
lowing  numerical  effluent  limitationi" 


Total  suspended  solids  >  maximum  allowable 

70.0  (mg/1) 

-  average  of  dally  val¬ 
ues  for  30  consecutive 
discharge  days 
35  (mg/1) 

"(b)  A  discharge  from  the  disturbed  areas  Is  not 
subject  to  the  effluent  limitations  of  this 
Section.  If- 

(1)  The  discharge  is  demonstrated  by  the  discharger 
to  have  resulted  from  a  precipitation  event 
equal  to  or  larger  than  a  10-year »  24-hour 
precipitation  eventi  and 

(2)  The  discharge  is  from  facilities  designed, 
constructed,  and  maintained  in  accordance 
with  the  requirements  of  this  Part*" 


In  summary  thus  far,  it  is  anticipated  that  coal  will 
play  an  increasing  important  role  in  easing  the  energy  crisis. 
Surface  mining  operations,  extensively  used  by  the  coal  indus¬ 
try,  dramatically  increases  erosion  and  sedimentation.  The 
pollution  of  our  waterways  by  this  enormous  sediment  increase 
is  both  serious  and  costly.  In  an  effort  to  curb  this  in¬ 
crease  in  sediment  load  caused  in  part  by  the  raining  indus¬ 
try,  the  Federal  government  has  passed  regulations  which 
require  mine  operators  to  employ  sediment  control  measures. 


PURPOSE  OP  THESIS 


It  is  the  objective  of  this  thesis  to  determine  the 
"State  of  the  Art"  of  sediment  control  in  s\u:face  raining. 
Knowledge  of  the  State  of  the  Art  will  be  an  aid  in  directing 
future  research  to  improve  the  effectiveness  of  sediment  con¬ 
trol  methods. 

Current  methods  and  techniques  of  sediment  control 
were  reviewed,  but  primary  emphasis  was  placed  on  sediment 
ponds.  References  for  the  techniques  discussed  are  giveni 
but,  details  and  design  criteria  are  not  catalogued  here. 

In  addition  to  determining  the  State  of  the  Art,  a  list 
of  the  known  current  research  in  this  area  was  compiled.  Also 
compiled  is  a  list  of  research  needs  for  the  further  develop¬ 
ment  of  methods  to  effectively  control  erosion  and  sediment 
in  surface  mining  operations. 


APPROACH 


To  determine  the  "State  of  the  Art#"  a  literature 
search  was  conducted  and  selected  government  agenciest 
universities  and  engineering  consultants  were  contacted* 

(A  bibliography  as  well  as  a  list  of  agencies  and  institutes 
contacted  can  be  found  in  the  appendix.)  There  exists  few 
published  articles  about  sediment  control  specifically  for 
surface  mining*  However*  many  articles  can  be  foxind  about 
erosion  and  sediment  control  in  the  areas  of  agriculture* 
highway  and  residential  construction*  and  water  and  sewage 
treatment*  Although  each  area  has  its  own  particular  prob* 
lems  in  sediment  control*  the  major  principles  involved  are 
universal  to  all* 


THESIS  CONTENT 


This  thesis  has  been  organized  into  six  chapters*  Fol¬ 
lowing  this  introductory  chapter*  Chapter  II  reviews  hy¬ 
drologic  terms  and  tools*  sediment  properties  and  the  erosion 
processes*  In  Chapter  III*  erosion  and  sediment  controls* 
except  for  sediment  ponds*  are  reviewed*  Chapter  lY  dis¬ 
cusses  in  detail  the  design  aspects  of  sediment  ponds*  Chap¬ 
ter  V  reviews  some  of  the  types  of  computer  programs  which 
can  aid  in  designing  sediment  ponds*  Finally*  Chapter  VI 
summarizes  the  "State  of  the  Art"  of  erosion  and  sediment 
control*  lists  ongoing  research  in  the  area  and  recommends 
areas  for  further  research* 


CHAPTER  II 


HYDROLOGY  -  SEDIMENT  -  EROSION 


INTRODUCTION 


The  purpose  of  this  chapter  is  to  review  the  pro¬ 
cesses  and  terminology  required  in  sediment  control 
studies.  As  suggested  by  the  title,  this  chapter  will 
be  divided  into  the  three  areas  of  hydrology,  sediment 
and  erosion. 

The  reason  for  reviewing  hydrology  is  that  the  agent 
of  interest,  responsible  for  soil  particle  detachment  and 
transport  is  rainfall  and  its  subsequent  runoff,  (Although 
wind  is  also  an  agent,  it  is  not  included  within  the  scope 
of  this  study.)  If  the  erosion/sediment  problem  is  to  be 
controlled,  the  hydrologic  processes  which  cause  the  ero¬ 
sion,  must  be  understood.  Furthermore,  government  regula¬ 
tions  are  written  using  specifications  which  require  some 
Knowledge  of  hydrologic  concepts  and  terminology.  Only 
those  hydrologic  processes  and  tools  which  are  commonly  used 
in  the  study  of  erosion  and  sediment  control  will  be  review¬ 
ed,  These  are  all  fairly  well  established  and  documented 
within  the  hydrology  field,  and  the  discussions  here  there¬ 
fore  will  be  general  and  brief,  with  references  for  the 
reader  desiring  more  detail. 

While  studying  the  processes  of  erosion  and  sedimenta¬ 
tion,  it  is  both  helpful  and  necessary  to  know  the  properties 
and  characteristics  of  the  soil  particles  which  are  being 
eroded  and  transported.  The  physical  and  chemical  properties 
of  the  soil  particles  determine  their  erodibility,  how  they 
will  be  transported  and  finally  if  and  how  they  will  be  de¬ 
posited.  Consequently,  it  is  necessary  to  know  the  sediment 
properties  and  characteristics  in  order  to  predict  the  amount 
of  erosion,  the  yield,  the  trap  efficiency  of  sediment  ponds 
and  sediment  storage  volume  requirements.  Virtually  every 
aspect  of  sediment  control  relies  on  the  knowledge  of  soil 
particle  properties.  An  attempt  will  be  made  here  to  sum¬ 
marise  the  latest  known  facts  about  the  physical  properties 
and  characteristics  of  sediment.  Although  the  chemical  prop¬ 
erties  of  sediment  will  determine  to  what  extent  sediment  acts 
as  a  transporting  agent  of  other  pollutants,  the  chemical 
properties  reviewed  here  will  be  limited  to  those  which 
affect  coagulation  and  flocculation. 


The  final  topic  of  this  chapter  is  erosion.  This  proc¬ 
ess  by  which  sediment  is  produced  is  important  to  understand 
so  that  measures  can  be  devised  and  employed  to  reduce  the 
initial  production  of  sediment.  Furthermore,  a  knowledge 
of  the  erosion  process  will  enable  predictions  to  be  made 
of  the  amount  of  sediment  which  will  be  produced  and  which 
will  need  to  be  trapped  and  stored  in  sediment  ponds.  Qual¬ 
itative  knowledge  about  erosion  processes  is  fairly  well 
established!  however,  the  quantitative  information  of  meas¬ 
urement  and  prediction  of  soil  erosion  (particularly  in 
surface  mined  areas)  is  still  pretty  much  a  State  of  the 
Art,  A  brief  overview  of  the  qualitative  processes  will  be 
presented  along  with  references  for  those  desiring  more  de¬ 
tails.  Also,  the  relevant  methods  for  measuring  and  pre¬ 
dicting  erosion  quantitatively  which  have  been  found  in  the 
literature  will  be  summarized. 


HYDROLOGY 


The  Federal  regulations!^  stipulate  that  the  sediment 
pond  effluent  standards  need  not  be  met  for  a  particular 
storm  if  the  discharger  can  demonstrate  that  the  precipita¬ 
tion  event  is  equal  to  or  exceeds  a  10-year,  24- hour  precip¬ 
itation  event.  Elsewhere  in  the  Federal  regulations,  it  is 
specified  that  for  a  permanent  diversion  the  channel,  bank 
and  flood -plain  configuration  must  be  adequate  to  safely 
pass  a  100-year,  24- hour  precipitation  event.  The  termi¬ 
nology  of  "x-year,  y-hour"  is  frequently  used  by  hydrol¬ 
ogists  in  frequency  analysis.  The  "x-year"  is  known  as  the 
return  period,  and  the  "y-hour"  is  the  duration  of  the  storm 
in  hours. 

The  return  period  is  used  to  describe  both  precipita¬ 
tion  events  as  well  as  strearaflow  events.  The  discussion 
here  will  be  limited  to  rainfall  events;  however,  the  same 
principle  of  probabilities  holds  for  streamflow  events,  A 
return  period  of  "x-year"  signifies  an  event  which  is  ex¬ 
pected  to  occur  once  in  x  years,  or  has  the  probability  of 
l/xof  occurring  in  a  particular  year,  flhen  speaking  of 
precipitation  events,  a  return  period  is  associated  with 
a  particular  magnitude.  For  a  storm  to  have  a  given  return 
period,  its  magnitude  must  equal  or  exceed  the  magnitude 
associated  with  that  return  period.  For  a  given  return 
period,  the  associated  storm  magnitude  will  vary  from  one 
geographic  location  to  another. 

Storm  magnitudes  are  measured  hy  rainfall  intensity  in 
inches  per  hour.  Rainfall,  however,  doss  noC  ooour  in  nature 
with  uniform  intensities.  Generally  a  rainfall  vdll  begin 
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with  a  low  intensity,  increase  to  its  maximum  intensity  and 
then  taper  off  gradually.  Thus  when  speaking  of  the  inten¬ 
sity  of  a  storm,  it  is  necessary  to  refer  to  the  average 
intensity.  Another  measurement  of  a  storm  is  its  length  in 
time  or  its  duration.  Obviously  two  storms  of  equal  average 
intensity,  but  of  different  duration  will  produce  different 
amounts  of  total  rainfall.  That  is  the  reason  it  is  necessary 
to  specify  both  the  return  period  and  the  duration  to  de¬ 
scribe  magnitude  when  defining  design  criteria  for  a  par¬ 
ticular  location. 


For  a  given  geographical  location  a  set  of  frequency- 
intensity-duration  curves  can  be  constructed  from  past  rain¬ 
fall  data.  Figure  1  shows  a  typical  rainfall  intensity- 
duration-frequency  curve.  This  particular  set  of  curves 
is  for  the  Sandusky,  Ohio  area.  From  a  set  of  curves  like 
these,  one  can  easily  determine  the  average  intensity  of  a 
storm  of  given  frequency,  dxiration  and  location. 

In  order  to  determine  retxirn  periods  for  a  given  loca¬ 
tion,  it  is  necessary  to  have  many  years  of  records  for  the 
event  of  interest.  Generally,  rainfall  data  is  more  readily 
available  than  is  streamflow  data.  In  fact,  streamflow  data 
for  small  streams  is  rarely  available  in  sufficient  quantity. 
Furthermore,  land  use  will  generally  affect  streamflow  data 
whereas  rainfall  is  not  affected.  Therefore,  it  is  conven¬ 
ient  to  talk  about  design  criteria  in  terms  of  precipitation 
events  as  opposed  to  streamflow.  However  in  the  design  of 
hydraulic  structures,  the  precipitation  event  must  be  trans¬ 
formed,  by  processing  it  through  the  watershed,  into  usable 
streamflow  data  prior  to  design  work. 

In  the  design  of  hydraulic  structures,  more  information 
is  needed  about  a  precipitation  event  than  just  the  total 
volume  of  water.  The  effect  of  1  inch  of  rainfall  which 
falls  in  one  hour  will  vary  greatly  from  the  effect  of  1 
inch  of  rainfall  which  is  received  over  a  span  of  twelve 
hours.  The  technique  used  to  graphically  portray  the  time 
history  of  a  precipitation  event  is  called  a  hyetograph. 

To  construct  a  hyetograph,  the  rainfall  event  is  divided  in¬ 
to  small  equal  time  steps  usually  about  five  minutes  in 
length.  The  intensity  of  the  rainfall  is  averaged  over  each 
time  space  and  tien  plotted  against  time  as  shown  in  r Lgure  2. 


A  particular  recorded  storm  is  scnetim^s  selected  as 
a  design  storm,  for  v/nich  the  hydraulic  structure  is  design¬ 
ed  to  safely  handle.  An  alternative  apprcach  is  to  develop 
a  synthetic  hyetO:traph  from  the  intensity-iuration-frequency 
curve  for  the  desirec  frequency  and  duration.  One  example  cf 
synthetic  hyetograph  construction  is  e^iven  by  Haan  and 
Barfieldl-O,  They  also  discuss  two  other  methods  cf  develor- 
ing  sj,n:thetic  hyet.grapts ,  zr.i  1,5.  5cil  Jonservation 
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Service  (SCS)  method  and  the  Huff  method.  The  SCS  method 
is  considered  by  Haan  and  Barfield  as  the  simplest  and  most 
consistent.  For  a  comparison  of  these  three  methods,  the 
reader  is  referred  to  reference  16,  Regardless  of  the  method 
of  obtaining  the  design  hyetograph,  it  must  be  transformed 
into  a  hydrograph  prior  to  design  work. 

A  hydrograph  is  the  plot  of  flow  rate  against  time, 

Haan  and  Barfield  further  state  that,  "The  hydrograph  is 
the  result  of  a  particular  effective  rainfall  hyetograph 
as  modified  by  basin  flow  characteristics. "lo  Effective 
rainfall  is  the  stormwater  runoff  or  in  other  words,  the 
total  rainfall  minus  abstractions,  in  which  the  abstractions 
are  losses  of  rainfall  which  do  not  result  in  runoff.  Ab¬ 
stractions  include  evaporation,  infiltration,  interception 
and  surface  storage.  Hydrographs  differ  from  hyetographs 
in  that  the  hyetographs  are  the  time  history  of  rainfall 
intensity,  where  hydrographs  are  the  time  history  of  rain¬ 
fall  runoff  passing  a  particular  point  of  interest.  The 
time  history  of  the  rate  of  flow  is  dependent  on  the  hyeto- 
grapy,  the  abstractions  and  the  flow  characteristics  of 
the  basin. 

Of  the  four  sources  of  abstractions  mentioned  above, 
only  three  are  usually  considered  when  generating  hydrographs 
from  hyetographs.  Usually  evaporation  is  neglected.  This 
is  because  design  hyetographs  are  usually  of  high  intensity 
short  duration  storms i  where  evaporation  is  practically 
nonexistent,  especially  in  comparison  to  the  rainfall  volume. 

Infiltration  is  perhaps  the  largest  source  of  rainfall 
loss.  In  generating  hydrographs,  it  is  the  rate  of  infiltra¬ 
tion  which  is  required.  Infiltration  rates  for  most  soils 
vary  with  time.  Frequently  Horton's  Equation^?  is  used  to 
describe  infiltration  rates,  Without  going  into  details 
here,  infiltration  rates  decrease  rapidly  after  the  beginning 
of  a  rain  and  then  asymptotically  approach  a  constant  infil¬ 
tration  rate,  usually  1,5  to  2  hours  after  the  beginning  of 
the  rain.  Infiltration  rates  are  a  function  of  the  ante¬ 
cedent  soil  moisture  conditions,  soil  type,  subsoil  type, 
slope,  ground  cover  and  rainfall  intensity. 

Surface  storage  abstractions  refer  to  the  water  that 
fills  and  is  trapped  in  small  surface  depressions.  This 
water  eventually  infiltrates  or  evaporates  but  never  flows 
overland  to  become  runoff.  Actual  measurement  is  extremely 
difficult  and  there  seems  to  be  no  universally  accepted 
method . 

The  t^'rd  and  last  source  of  abstractions  to  be  men¬ 
tioned  her.  is  interception.  Like  surface  storase,  inter¬ 
ception  is  extremely  difficult  to  measure  and  is  often 


neglected  or  combined  with  one  of  the  other  sources  of 
abstractions.  Physically,  interception  is  the  catching 
and  the  storing  of  rainfall  on  the  surface  of  vegetative 
covers.  The  interception  capacity  is  usually  satisfied 
early  in  the  storm.  The  way  that  each  of  these  abstrac¬ 
tions  are  handled  will  vary  depending  on  the  method  used 
to  develop  the  hydrograph.  The  references  for  the  models 
discussed  in  Chapter  V  will  provide  the  details  on  how 
these  abstractions  can  be  computed. 

Thus  far  hyetographs  and  abstractions  have  been  dis¬ 
cussed,  Before  a  hydrograph  can  be  generated  however,  the 
flow  characteristics  of  the  basin  must  be  understood.  The 
hyetograph  considers  the  time  history  of  the  water  delivered 
to  the  watershed  by  rainfall  and  the  abstractions  consider 
the  reductions  of  the  amount  of  rainfall  which  will  be 
available  for  runoff.  Now  it  is  the  basin  flow  character¬ 
istics  which  will  determine  how  the  water  will  be  routed 
over  the  watershed  and  delivered  to  the  point  where  the  hy¬ 
drograph  is  desired. 

It  is  necessary  to  know  how  long  it  will  take  to  drain, 
or  route  the  runoff  through  the  watershed  and  past  the  point 
of  interest.  There  are  many  factors  which  will  affect  the 
travel  time.  First  and  most  obvious  is  the  distance  the 
water  has  to  travel.  In  developing  hydrographs,  the  water¬ 
shed  is  generally  divided  into  areas  having  equal  ranges  of 
travel  time.  That  is  for  instance,  if  the  watershed  is  to 
be  analyzed  in  time  increments  of  say  three  minutes,  the 
area  having  travel  times  of  0  -  3  minutes  will  be  delineated 
from  those  having  travel  times  of  3  -  6  minutes,  6-9  min¬ 
utes,  etc.  In  order  to  do  this,  flow  distances  must  be  mea- 
stired  and  flow  velocities  must  be  computed.  Slope,  ground 
cover,  depth  of  flow  and  whether  the  water  is  flowing  over¬ 
land  or  in  channels  are  all  factors  affecting  flow  velocity. 
These  factors,  or  flow  characteristics,  will  be  different  for 
each  watershed.  It  is  common  practice  to  compute  travel 
times  by  dividing  the  watershed  into  areas  of  similar  topo¬ 
graphy  and  cover,  and  then  compute  average  slopes,  average 
distances  and  average  cover  factors.  An  average  velocity 
and  travel  time  can  then  be  computed  for  each  area.  The  hy- 
hetograph  is  then  applied  to  the  watershed,  abstractions 
are  subtracted  and  the  flow  is  routed  through  the  basin.  The 
details  of  a  conception  as  just  described  is  given  by  Haan 
and  Barfield, lo  They  also  discuss  other  methods  to  construct 
hydrographs,  such  as  the  3anta  Barbara  Urban  Kvdrorraph 
Method,  a  hydrodynamic  model  the  SC3  Hydrograph  Procedure, 
and  the  unit  hydrograph  approach. 

The  unit  hydrograph  approach  will  be  briefly  explain¬ 
ed  here.  A  unit  hydrograph  reflects  the  watershed* s* flow 
characteristics.  It  is  a  hydrograph  developed  from  a  unit 
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of  rainfall  over  the  entire  watershed  applied  at  an  equal 
rate  for  a  specified  duration.  It  is  possible  to  convert 
a  unit  hydrograph  for  a  specific  duration  to  another  unit 
hydrograph  of  different  duration.  For  the  details  on  this, 
see  reference  Id. 

Given  a  unit  hydrograph  of  a  particular  duration,  a 
hydrograph  for  a  rainfall  of  any  intensity  with  the  same 
duration  can  be  constructed  by  simple  proportions.  For 
example,  a  unit  hydrograph  represents  1  inch  (2, 54  cm)  of 
rainfall  over  a  specified  duration.  If  a  hydrograph  for  a 
2  inch  (5»08  cm)  rainfall  with  the  same  duration  is  desired, 
simply  double  the  values  for  the  flow  rates  on  the  unit  hy- 
drograph. 

Hydrographs  can  be  developed  for  more  complex  rain¬ 
fall  events  also.  To  do  this,  unit  hydrographs  of  duration 
equal  to  the  time  steps  of  the  hyetrograph  are  used  to 
portray  the  runoff  for  each  time  step  independently.  The 
unit  hydrographs  must  reflect  the  average  intensity  of 
their  respective  time  step  of  the  hyetograph.  Each  of 
these  hydrographs  are  plotted  on  the  same  graph,  staggering 
them  according  to  their  relative  position  in  the  storm. 
Superimposing  all  of  the  hydrographs  will  give  the  total 
hydrograph  for  the  entire  complex  storm.  For  more  details 
on  this  method,  the  reader  is  referred  to  Reference  16,  or 
any  basic  book  on  hydrology. 

Computer  models  have  also  been  developed  to  pro¬ 
duce  runoff  hydrographs.  Chapter  V  will  discuss  these 
computer  models  in  more  detail. 

Figture  3  shows  the  basic  hydrograph  terminology.  The 
area  under  a  hydrograph  represents  the  volume  of  water  that 
has  passed  the  point  of  interest  during  the  total  time  dura¬ 
tion  of  the  hydrograph  or  base  time.  The  highest  point  or 
peak  of  the  hydrograph  represents  the  peak  discharge  rate. 

The  time  from  the  beginning  of  the  hydrograph  to  the  peak 
discharge,  t^,  is  called  time  to  peak.  The  time  from  the 
center  of  mass  of  the  effective  rainfall  to  the  peak  of 
the  runoff  hydrograph,  t^,  is  called  lag  time. 

When  talking  about  sediment  basins,  two  hydrographs  are 
considered!  the  inflow  hydrograph  and  the  outflow  hydrograph, 
They  describe  the  time  rate  of  flow  into  and  out  of  the  basin 
respectively.  3y  their  design,  sediment  basins  detain  or 
store  part  of  the  flow  for  varying  lengths  of  time.  Thus 
the  outflow  hydrograph  will  have  a  reduced  peak  cut  ex¬ 
tended  time  base.  Detention  time  is  the  time  that  water  is 
detained  in  the  basin,  Tnis  time  varies  throughout  the 
routing  of  the  runoff  event.  In  order  to  have  one  average 
detention  time  for  a  given  basin  and  storm,  detention  tine 


-13- 


/ 


Figure  3»  Hydrograph  Terminology 
(taken  from  Haan  and  Barfield^^) 
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is  sometimes  defined  as,  the  time  between  the  centroids  of 
the  inflow  and  outflow  hydrographs.  This  is  the  definition 
used  in  the  Federal  regulations. 

Another  tool  which  has  recently  appeared  in  the  lit¬ 
erature  but  which  has  yet  to  receive  wide  acceptance  or 
use  is  the  sediment  graph.  Sediment  graphs  are  a  time  his¬ 
tory  of  sediment  rates.  Basically  a  sediment  graph  is  the 
product  of  a  hydrograph  and  the  sediment  concentration 
where  the  concentrations  vary  with  time  but  not  necessarily 
at  the  same  rate  as  the  flow  rate.  Without  sediment  graphs, 
only  an  average  sediment  concentration  can  be  assumed  through¬ 
out  the  storm  duration.  This  obviously  hides  the  maximum 
sediment  concentration  which  may  be  important  in  terms  of 
water  quality.  In  a  report  by  Willis  et  al.l9,  50^  of 
the  sediment  discharge  from  the  Coles  Creek  and  Buffalo 
River  in  southwest  Mississippi  occurred  in  about  ,5%  of  the 
runoff  time. 

PoiiT  references  on  sediment  graphs  found  in  the  litera¬ 
ture  are  the  following  Renard  and  Laursen^O,  Bruce  et 
al,21,  Rendon-Herrero22  and  Williams23,  Of  these,  Bruce’s 
and  Rendon-Herrero’s  methods  require  gaged  data,  Renard 
and  Laur sen’s  and  Williams’  methods  have  received  limited 
testing  and  are  not  universally  applicable  to  areas  other 
than  where  they  were  developed.  It  would  be  expected  that 
if  sediment  graphs  could  accurately  be  generated  for  un¬ 
gaged  watersheds,  that  they  could  be  useful  in  improving 
the  trap  efficiency  of  sediment  ponds. 

This  concludes  the  discussion  of  the  hydrologic  tools 
and  terminology  generally  used  in  the  study  of  sediment  con¬ 
trol,,  With  the  exception  of  the  discussion  of  sediment  graphs, 
all  material  reviewed  should  be  able  to  be  found  in  any  text¬ 
book  on  hydrology.  The  particular  texts  used  in  this  review 
were  references  16,  18,  24  and  25, 
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This  discussion  of  sediment  will  begin  with  a  look  at 
the  physical  and  chemical  properties  of  the  sediment.  This 
will  be  followed  by  a  review  of  settling  theory  and  the  clas¬ 
sification  of  settling.  Finally,  various  factors  influencing 
settling  will  ce  reviewed. 

The  first  physical  characteristic  to  be  ccnsider^^d  is 
particle  size.  Sediment  can  be  divided  into  four  general 
size  categories!  gravel,  sand,  silt  and  clay,  A  more  re¬ 
fined  categorization  showing  particle  size  in  microns  and 
theoretical  settling  velocities  in  cm/sec,  is  shown  in 
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Table  1.  Another  means  by  which  particles  are  commonly 
classified  by  size  is  by  the  way  they  are  suspended  in 
water.  As  seen  in  Figure  particles  in  the  size  range 
of  1  micron  or  larger  are  considered  suspended.  These 
particles  are  kept  in  suspension  by  shear  forces  due  to 
turbulence.  Without  the  effects  of  turbulence,  these  par¬ 
ticles  would  settle  to  the  bottom  of  an  Imhoff  cone  with¬ 
in  a  60  minute  period  under  the  influence  of  ^avity.  When 
particles  are  within  the  range  of  1  to  10“3  microns,  they 
are  referred  to  as  colloidal  dispersions  and  will  not  settle 
out  within  a  reasonable  amount  of  time  (60  minutes  in  an 
Imhoff  cone)  due  to  the  force  of  gravity.  Particles  which 
make  up  colloidal  dispersions  are  kept  in  suspension  by 
their  small  size,  surface  electrical  charge  or  chemical  com¬ 
bination  with  the  water.  There  are  two  kinds  of  colloidal 
dispersions!  hydrophobic  and  hydrophilic.  Hydrophobic  col¬ 
loids  are  kept  in  suspension  due  to  their  electric  charge 
while  hydrophilic  colloids  are  kept  in  suspension  because  of 
their  affinity  for  water, Particles  less  than  1  milli¬ 
micron  are  considered  dissolved  solids  and  occur  in  true 
solution  in  the  water. 

In  the  control  of  erosion  and  sediment?  it  is  the  finer 
particles  which  oresent  the  greatest  problems,  Robinson,  2B 
Director  of  the  USDA  Sedimentation  Laboratory  at  Oxford,  Miss, 
in  1971,  stated  that,  "...  the  fine  particles  are  the  prin¬ 
cipal  carriers,  are  more  active  chemically,  and  are  trans¬ 
ported  further  before  deposition.  To  control  the  bulk  of 
the  sediment  problem  concerned  with  pollution  requires  con¬ 
trolling  the  amount  of  clay  and  colloidal  fractions  within 
the  sediment," 

Related  to  particle  size  and  of  particular  interest  in 
determining  trap  efficiency  of  sediment  ponds  is  particle 
size  distributions.  From  the  size  distribution  of  particles, 
the  theoretical  design  settling  velocity  can  be  determined 
for  the  desired  trap  efficiency  by  using  Stokes*  Law,  Often 
however,  the  desired  trap  efficiency  will  require  that  par¬ 
ticles  in  the  colloidal  dispersion  range  will  need  to  be  re¬ 
moved,  indicating  that  in  addition  to  settling,  other  methods 
will  need  to  be  employed. 

It  should  be  noted  at  this  time  that  r  ;pended  ■oar- 
ticles  are  of  two  tyoes,  primary  and  aggre#.  :ed.  Primary 
particles  result  when  the  binding  materials  of  the  aggre¬ 
gates  are  broken  down.  In  other  words,  aggregates  are  com¬ 
posed  of  primary  particles  held  together  by  som.e  kind  of 
binding  material.  The  specific  gravity  of  the  aggregates 
are  generally  substantially  lov;er  than  the  primary  particles. 
Care  must  be  exercised  when  sampling  and  handling  sediment 
samples  used  to  determine  size  distributions  so  as  not  to 
break  down  the  aggregates,  Vany  standard  metnods  used  to 
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Table  1.  Settling  Velocities  of  Sediment 
in  Water  at  15*5®  C 

(taken  from  Skelly  and  Loy27) 


SEDIMENT 

CLASS 

SAND 

Very  Coarse 

Coarse 

Medium 

Fine 

Very  Fine 

K 

Coarse 

Medium 

(0 

Fine 

Very  Fine 

>■ 

< 

Coarse 

Medium 

0 

j 

Fine 

Very  Fine 

DIAMETER 

{Microns) 


SETTLING  VELOCITY 
Ccm/sec) 


15.24  -  27.40 


7.31  -  15.24 


3.04  -  7.31 


0.91  -  3.04 


0.30  -  0.91 


0.082  -  0.30 


0.020  •  0.082 


0.005  •  0.020 


0.0013  -  0.005 


1.6  *  10-^ 


7.9  X  10-"  -  1.6  X  10-* 


2.0  X  io-«  -  7.9 


0.24  -  0.50  4.5 


500  •  1000 


250  -  500 


125  -  250 


62  -  125 


31  -  62 


16  -  31 


8-16 


•  8 


2  - 
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Classification  of  particle 

■ - Dissolved - 4. - Colloidal - 4- - Suspended  or  nonfilteraWe  — • 

j  I 

'  Sire  of  particle,  microns  ■ 

10’  10*  10-’  10-»  10  ’  1  10  100 

H - 1 - 1 - 1 - 1 - ^ - 1 - h- 

10  •  10  ’  10  •  10  ’  10*  10  ’  10  '  10  ’ 

Size  of  particle,  millimaters 

•  Removable  bv  coagulation - 4. - Settleable - - 

Figure  4,  Classification  and  Size  Range 
of  Sediment  Particles 

(taken  from  Tchobanoglous^^) 
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determine  size  distribution  employ  dispersing  agents  which 
will  break  down  the  sediment  aggregates.  No  dispersing  a- 
gents  should  be  used  if  effective  particle-size  distribu¬ 
tions  are  to  be  achieved.  Ward  et  al.3^  in  their  design 
manual  for  the  DEPOSITS  model  outlines  specific  guidelines 
to  be  used  in  determining  size  distributions.  They  go  on  to 
state  thatf  "At  present,  there  is  very  little  published  in¬ 
formation  on  expected  sediment  yield  from  surface  mine  lands, 
and  even  less  information  on  sediment  particle  size  distribu¬ 
tions,"  Young  and  Onstad^OS  reported  in  1976  a  method  by 
which  eroded  particle-size  distributions  could  be  predicted. 
Their  procedure  requires  three  parameters*  particle-size 
distribution  of  the  matrix  soil,  organic  matter,  and  water 
content  at  -15  bars  pore  pressure.  Although  Young  and  On- 
stad  reported  good  results  using  this  procedure,  it  is  rela¬ 
tively  new  and  has  not  as  yet  received  wide  usage. 

To  the  author's  knowledge,  prior  to  the  development  of 
Young  and  Onstad's  prediction  method,  no  satisfactory  means 
of  predicting  sediment  particle-size  distributions  was  a- 
vailable.  This  was  a  serious  problem  in  the  case  of  surface 
mining  where  it  is  required  by  law  to  construct  sediment 
ponds  prior  to  the  disturbance  of  the  land.  However,  prior 
to  the  land  disturbance,  the  size  range  of  sediment  particles 
for  which  the  pond  is  suppose  to  be  designed  was  unknown, 

A  two-fold  problem  exists  here.  First,  the  surface  of 
the  disturbed  land  is  generally  not  the  same  material  as  the 
undisturbed  land.  This  is  due  to  the  mining  techniques  where 
either  the  top  soil  is  stripped  and  stockpiled  separately, 
or  else  it  is  overturned  in  the  process  of  overburden  re¬ 
moval.  In  either  case,  the  surface  of  the  overburden  piles 
is  generally  subsoil.  Secondly,  even  if  the  surface  material 
of  the  overburden  piles  could  be  identified  ahead  of  time, 
the  sediment  eroded  from  them  will  likely  have  a  different 
composition.  Farmer^  reports  in  1976  that,  "The  properties 
of  sediments  eroded  from  the  overburden  piles  show  a  degra¬ 
dation  in  quality  as  compared  with  overburden  materials. 

The  sediments  are  more  finely  textured,  have  more  total 
salts,  contain  more  sodium,  and  have  a  considerably  higher 
pH,"  Lund  et  al,3^  found  that  there  is  considerable  differ¬ 
ence  in  the  percent  of  clay  found  in  sediment  than  there  is 
in  its  soil  source.  Thus,  even  if  the  overburden  surface 
material  could  be  identified  prior  to  beginning  mining  oper¬ 
ations,  a  sieve  analysis  would  not  give  an  accurate  idea  of 
the  size  distribution  of  the  sediment  particles  which  eventu¬ 
ally  will  be  eroded  away.  It  should  also  be  noted  here  that 
the  sediment-size  distribution  may  change  tnrouchout  a  storm 
event,  McHerury  and  Rcbinson29  suggest,  ",  .  .  the  sedir.ent- 
size  distribution  load  be  defined  throughout  the  hydrograph." 
Additionally  ,  Villis  et  al.-^l  reported  from  their  study  on 
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Coles  Creek  and  Buffalo  River  in  Mississippi  that  about  $0% 
of  the  sediment  discharge  occurred  during  about  ,5%  of  the 
runoff  time.  Thus,  if  average  sediment  concentrations  and 
distributions  are  used  in  design,  the  system  may  be  greatly 
overloaded  during  peaks. 

Another  physical  characteristic  of  sediment  is  shape. 
Although  this  property  of  sediment  is  rarely  mentioned  in 
most  articles  on  the  subject  of  sediment,  it  has  a  direct 
effect  on  settling  velocities.  Thus,  for  the  sake  of  com¬ 
pleteness,  it  will  be  briefly  mentioned  here.  Sediment  is 
classified  into  three  basic  shapes i  spherical,  rod,  and  disc. 
The  shape  of  the  particle  is  important  in  determing  the  drag 
coefficient  and  subsequently  its  settling  velocity.  The 
drag  coefficient  can  be  found  for  spherical  particles,  but 
since  the  orientation  of  rod  or  disc  shaped  particles  is 
variable,  their  drag  coefficients  can  not  be  found  with  cer¬ 
tainty.  For  Reynolds  numbers  greater  than  1000,  the  drag 
coefficients  for  rod  and  disc  shaped  particles  vary  signif¬ 
icantly  from  that  of  spherical  particles.  For  Reynolds  num¬ 
ber  less  than  or  equal  to  10,  the  settling  velocities  of  rod 

and  disc  shaped  particles  are  78^55  and  73%  respectively  of  the 

settling  velocity  of  an  equal  volume  sperical  particle. 32 
Under  the  conditions  for  which  most  sediment  ponds  will  be 
designed,  the  Reynolds  number  will  be  less  than  1.  Thus,  if 
a  spherical  shape  is  assumed,  the  theoretical  settling  veloc¬ 
ity  will  be  within  73%  of  the  actual  settling  velocity  if 

disc  or  rod  shaped  particles  are  present. 

The  last  of  the  physical  characteristics  of  sediment  to 
be  discussed  is  specific  gravity.  Davis  et  al,33  reported 
in  1973  that  the  specific  gravity  of  primary  particles  from 
upland  slopes  range  from  2,6  to  2.7,  while  the  specific  grav¬ 
ity  of  aggregate  particles  range  from  1.7  to  2.  Obviously, 
the  settling  velocity  of  a  particle  is  directly  related  to 
its  specific  gravity  (see  settling  theory  below).  To  han¬ 
dle  these  variations  in  specific  gravity,  Ward  et  al.3^  rec¬ 
ommend  that  a  standard  specific  gravity  value  of  2,65  l^e 
used  in  all  settling  diameter  procedures,  and  that  an  ef¬ 
fective  settling  diameter  be  used  for  the  aggregate  parti¬ 
cles,  This  value  for  the  specific  gravity  of  sediment  is 
widely  accepted  throughout  the  field. 

The  physical  prooerties  of  sediment  are  generally 
limited  to  size,  shape  and  srecific  -ravity.  Of  these,  two 
are  assumed  to  be  uniform,  shape  (srherical)  and  soecific 
gravity  (2.65).  r''9ler35  in  his  article  about  research  needs 

states,  "What  is  needed  is  more  specific  characterization 
of  sediment.  We  have  a  very  detailed  classification  of  soils, 
but  once  they  erode  we  refer  to  them  simply  as  sediment," 

Meier  believes  that  sediments  from  different  soil  types 


have  significant  differences.  If  these  differences  can  be 
identified,  he  suggest  that  the  source  of  sediment  in  streams 
can  perhaps  be  pinpointed.  In  addition,  this  may  be  a  use¬ 
ful  tool  in  determining  which  sediment  control  measures  are 
most  effective.  It  is  the  opinion  of  this  author  that  this 
might  also  give  some  clues  as  to  the  sediment  size  distribu¬ 
tion  which  could  be  expected  once  the  source  material  is 
known, 

A.S  stated  in  the  introduction,  only  those  chemical  prop¬ 
erties  of  sediment  which  affect  its  ability  to  coagulate  will 
be  discussed  here.  To  avoid  confusion,  definitions  of  com¬ 
monly  used  terms  will  be  presented  first. 

Coagulation  -  "The  agglomeration  of  colloidal  or  finely 
divided  suspended  matter,  generally  caused 
by  the  addition  of  a  chemical  coagulant." 36 

Flocculate  -  "to  form  flocculent  masses,  as  a  cloud,  a 
chemical  precipitate,  etc,*  form  aggre- 

fated  or  compound  masses  of  particles," 

The  Random  House  College  Dictionary) 

Floe  -  "a  tuftlike  mass,  as  in  a  chemical  precipitate," 
(The  Random  House  College  Dictionary) 

Note*  flocculate  and  coagulate  are  used  inter- 
changably. 

Hydrophilic  colloids  -  colloids  which  are  stable  due  to 

their  affinity  for  water. 

Hydrophobic  colloids  -  colloids  with  no  affinity  for 

water*  they  are  stable  due  to 
their  electrical  charge. 

The  only  particles  that  form  colloidal  suspensions  are 
those  in  the  size  range  of  from  1  to  10“3  microns  (see  Fig¬ 
ure  4),  Colloidal  suspensions  are  comprised  of  clay  particles 
and  have  such  slow  settling  velocities  that  coagulants  must 
be  added  in  order  to  remove  the  particles  within  a  reasonable 
length  of  time.  The  coagulant  causes  the  small  particles  to 
agglomerate  or  to  come  together  forming  larger  and  heavier 
particles  with  faster  settling  velocities. 

Colloids  can  be  of  two  different  types i  hydrophilic  or 
hydrophobic.  The  affinity  for  water  is  so  great  in  hydro¬ 
philic  colloids,  that  the  original  aggregates  are  torn  apart, 
and  the  fine  particles  are  attracted  to  the  water  molecules. 

In  hydrophobic  colloids,  the  particles  have  an  electrical 
charge  of  sufficient  magnitude  that  the  particles  repel  each 
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other  and  are  thus  prevented  from  settling* 

Hydrophobic  colloids  can  be  removed  by  neutralizing  the 
electrical  charge  by  the  addition  of  electrolytes.  Another 
method  which  is  effective  for  both  hydrophobic  and  hydrophi¬ 
lic  colloids  is  to  bridge  the  individual  particles  with  long 
chain  organic  polyelectrolytes.  The  polyelectrolyte  actual¬ 
ly  attaches  itself  to  the  surface  of  the  colloidal  particles 
and  thus  forms  large  aggregates,  A  third  method  is  to  add  a 
chemical  precipitate  such  as  alum,  ferrous  sulfate,  lime, 
ferric  chloride  or  ferric  sulfate.  The  addition  of  chemical 
precipitates  will  cause  the  formation  of  a  floe  which  traps 
the  suspended  particles  either  while  it  is  forming  or  as  it 
settles.  This  last  method  is  normally  selected  for  use  in 
wastewater  treatment  plants  for  economic  reasons.  The  meth¬ 
ods  tested  for  use  in  sediment  ponds  for  surface  mined  areas 
are  covered  in  Chapter  IV, 

There  are  four  general  classifications  of  settling27»37| 
free,  flocculant,  zone,  and  compression  settling.  Free  set¬ 
tling  or  ideal  settling  refers  to  particle  settling  where 
there  exists  no  significant  interaction  between  adjacent 
sediment  particles,  Sach  particle  settles  as  an  independent 
particle,  Flocculant  settling  occurs  when  suspended  particles 
coalesce  forming  aggregates  of  increased  mass  which  settle  at 
faster  rates  than  individual  particles.  Zone  settling  is  a 
phenomenon  where  interparticle  forces  are  sufficient  to 
hinder  the  settling  of  adjacent  particles.  The  particles  re¬ 
main  practically  fixed  relative  to  one  another  and  the  mass 
of  particles  settle  together.  Compression  settling  occurs 
when  the  particle  concentration  is  so  high  that  a  very  porous 
structure  is  formed.  Any  further  settling  is  only  possible 
if  the  structure  is  compressed. 

The  two  types  of  settling  of  interest  here  are  free  and 
flocculant  settling.  Since  flocculant  settling  has  already 
been  briefly  mentioned  in  reference  to  aggregates,  and  will 
be  discussed  in  more  detail  in  Chapter  IV,  only  ideal  set¬ 
tling  will  be  discussed  further  here. 

When  a  particle  of  sufficient  mass/surface  area  ratio 
is  placed  in  a  fluid,  it  will  be  accelerated  in  the  vertical 
direction  by  gravity.  It  will  increase  in  velocity  until  the 
force  due  to  gravity  is  balanced  by  the  drag  force.  This  is 
known  as  its  terminal  or  settling  velocity.  The  settling 
velocity  can  be  expressed  mathematically  by  one  of  three  equa¬ 
tions  depending  on  the  flow  regime  determined  by  the  Reynolds 
number, 37  Where  the  Reynolds  number  is  expressed  asi 
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settling  velocity  x  diameter  of  spherical  particle 
kinematic  viscosity  of  the  fluid 


For  Re  <  I,  the  settling  velocity  is  determined  by  Stokes*  Lawi 

*s  • 

When  l<Re  <  1000,  the  settling  velocity  is  determined  byi 

And  when  1000  <  Re  <  25000,  the  settling  velocity  is  governed 
by  Newton's  Lawi 

Vj  -  1.82  j'g(Sj-l)D 

Where t  Vg  *  settling  velocity,  cm/sec. 

g  *  acceleration  due  to  gravity,  cm/sec. 2 
D  *  diameter  of  a  spherical  particle,  cm 
Sj  s  specific  gravity  of  the  particle 
V  »  kinematic  viscosity  of  water,  cm2/sec. 


,0.714 


In  the  design  of  sediment  ponds,  the  settling  velocity 
of  the  particles  of  interest  will  generally  be  governed  by 
Stokes*  Law  with  some  of  the  larger  particles  being  in  the 
transition  region  ^  <  Re  <  1000),  Most  sediment  pond  de¬ 
signs  are  based  on  ideal  settling  with  settling  velocities 
computed  using  Stokes*  Law,  Rarely  however  do  physical  phe¬ 
nomenon  exactly  match  theoretical  models  which  are  based  on 
simplifying  assumptions.  Sedimentation  in  ponds  is  no  excep¬ 
tion,  It  is  therefore  important  to  understand  where  the 
theory  deviates  from  the  observed,  ' 


The  settling  velocity  according  to  Stokes*  Law  is  de¬ 
pendent  upont  1)  the  diameter  of  a  spherical  particle,  2) 
specific  gravity  of  the  particle,  3)  tne  kinematic  viscosity 
of  the  water.  In  pond  design,  a  critical  settling  velocity 
is  selected.  The  critical  settling  velocity  is  the  settling 
velocity  of  the  s-.aliest  size  pSfticie  whica  is  to  be  removed. 
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This  velocity  is  calculated  using  Stokes*  Law,  It  must  be 
remembered  however  that  the  theory  is  based  on  spherical 
particles  and  that  rod  and  disc  shaped  particles  exist  in 
nature  as  well.  As  stated  earlier,  these  particles  will  have 
a  settling  velocity  of  73-78?5  of  that  predicted  by  Stokes* 
Law,  Thus  if  critical  settling  velocities  are  computed  as¬ 
suming  that  particles  are  spherical,  error  is  introduced 
which  may  cause  the  theory  to  deviate  from  the  observed. 

The  particles  and  aggregates  which  make  up  the  sediment 
load  do  not  have  a  uniform  specific  gracity.  As  mentioned 
earlier,  an  average  value  of  2,65  is  generally  used.  This 
however  means  that  the  particles  with  specific  gravity  less 
than  2,65  will  settle  at  a  velocity  less  than  expected.  Thus 
using  an  average  specific  gravity  can  be  another  source  of 
error. 

The  kinematic  viscosity  of  the  water  varies  inversely 
to  its  temperature.  As  can  be  seen  from  Stokes*  Law,  the 
settling  velocity  is  inversely  proportional  to  the  kinema¬ 
tic  viscosity.  Therefore,  the  colder  the  water  is,  the  long¬ 
er  it  will  take  particles  to  settle.  Thus,  when  temperatures 
drop  below  the  design  temperature,  the  trap  efficiency  will 
be  reduced. 

It  is  suspected  that  water  quality  may  have  some  effect 
on  the  settling  behavior  of  sediment.  Obviously  if  the  sed¬ 
iment  concentration  becomes  too  great,  the  type  of  settling 
will  change  from  ideal  to  zone  or  compression  settling. 

Other  water  quality  measurements  such  as  pH,  iron,  manga¬ 
nese,  etc,  will  likely  affect  flocculant  settling  as  will 
be  discussed  later.  No  reference,  however,  has  been  found 
in  the  literature  about  the  effects  of  water  quality  on 
ideal  settling. 

Two  other  factors  which  will  affect  the  acciiracy  of 
Stokes*  Law  in  predicting  pond  performance  is  resuspension 
and  short  circuiting.  Since  these  two  factors  are  control¬ 
led  by  pond  design  and  are  not  due  to  simplifying  assximptions 
of  Stokes*  Law,  they  will  be  discussed  in  Chapter  IV, 

Thus  in  summary,  it  is  the  assumptions  made  about  par¬ 
ticle  shape,  specific  gravity  and  water  temperatures  which 
are  likely  to  cause  the  actual  settling  to  deviate  from  that 
which  is  predicted  by  Stokes'  Law. 


EHCSION 


One  of  the  more  concise  descriptions  of  the  different 
types  of  erosion  is  given  by  Foster  and  f.*eyer,3S  "Sheet 
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•rosion  is  the  removal  of  a  thin  relatively  uniform  layer 
of  soil  particles.  'Rill*  erosion  is  erosion  in  numerous 
small  channels  that  are  small  enough  to  be  obliterated  by 
normal  tillage »  larger  upland  channels  are  called  gul¬ 
lies.  Stream  channel  erosion  occurs  by  strearaflow,  and  mass 
erosion  is  soil  movement  enmasse."  These  definitions  were 
selected  for  use  here  because  of  their  brevity.  For  more 
detail  the  reader  is  referred  to  the  original  document  and/or 

Sediment  Engineering. 3° 

The  type  of  erosion  of  main  concern  in  surface  mining  is 
sheet  and  rill  erosion.  Sediment  ponds  will  be  located  as 
close  to  the  disturbed  area  as  possible  and  thus  channel 
flow  and  therefore  channel  erosion  will  be  minimal.  Never¬ 
theless,  channel  erosion  control  practices  will  need  to  be 
employed  in  diversion  and  interceptor  ditches  as  well  as  in 
the  channel  receiving  the  pond  effluent.  On  site  conservation 
practices  should  eliminate  any  gully  or  mass  erosion. 

Erosion  is  defined  as  the  detachment  and  transport  of 
soil  particles  from  their  original  location.  Detachment 
of  soil  particles  occurs  in  two  different  ways.  Soil  par¬ 
ticles  can  be  detached  by  the  kinetic  energy  imparted  to 
the  soil  mass  by  the  falling  raindrops,  or  they  can  be  de¬ 
tached  by  the  shearing  action  of  the  runoff  water  as  it  flows 
over  the  surface  of  the  soil  mass.  It  should  be  noted  that 
chemical  weathering  and  freeze-thaw  effects  are  responsible 
for  erosion  of  rocks.  The  concern  here  however  is  the  ero¬ 
sion  of  soil  by  rainfall. 

The  transport  of  the  detached  soil  particles  occurs  in 
two  ways  also.  First,  soil  particles  can  be  transported  by 
raindrop  splash.  The  second  and  more  prevalent  means  is  the 
transport  of  soil  by  the  overland  flow  of  the  runoff.  The 
transport  of  soil  particles  by  flowing  water  occurs  in  sheet, 
rill,  gully  and  channel  erosion.  The  sediment  which  is  trans¬ 
ported  in  streamflow  is  generally  divided  into  two  categories i 
wash  load  and  bed  load.  It  is  impossible  to  make  a  complete 
distinction  between  the  two.  However,  wash  load  is  consider¬ 
ed  to  be  particles  carried  mostly  in  suspension.  The  bed 
load  is  defined  as  ",  .  .  material  moving  on  or  near  the 
bed  .  .  ,"39  Thus,  part  of  it  may  be  suspended.  The  major¬ 
ity  of  the  bed  load  however  is  saltated  and  rolled  or  slid 
along  the  bed. 

There  are  several  reasons  for  the  two  classifications 
of  sediment  load  even  if  the  two  classifications  overlap 
somewhat.  The  average  sediment  particle  sizes  are  differenti 
the  average  particle  size  of  the  wash  load  are  smaller  than 
the  average  bed  load  particle  size.  The  mechanics  of  the 
transport  processes  are  different,  as  are  the  means  of  measur¬ 
ing  the  sediment  load  in  each  category.  Consequently,  there 


are  different  concerns  in  controlling  each.  Bed  load  mater¬ 
ial  is  coarser  and  heavier  and  can  easily  be  trapped  by  re¬ 
ducing  the  flow  velocity.  If  it  has  not  already  been  re¬ 
moved  by  a  check  dam  or  other  structxire,  the  bed  load  will 
be  deposited  near  the  entrance  of  the  pond.  Storage  becomes 
a  problem  since  the  particles  are  large  and  will  be  complete¬ 
ly  removed. 

Wash  load  material  on  the  other  hand  consists  of  essential¬ 
ly  smaller  particles,  many  of  which  may  be  in  the  colloidal 
range.  Removal  is  more  difficult  and  time  consuming,  some¬ 
times  requiring  the  use  of  coagulants  and/or  filters.  Storage 
is  less  of  a  problem  due  to  the  smaller  particle  sizes. 

The  factors  which  influence  erosion  include  climate,  soil 
properties,  topography,  land  management  and  flow  properties. 
Climate  affects  soil  erosion  in  several  ways.  Rainfall  inten¬ 
sity,  duration  and  frequency  are  all  factors  in  determining 
soil  erosion,  Wischmeir^O  uses  the  rainfall  intensity  to  de¬ 
termine  the  kinetic  energy  available  to  do  the  work  of  de¬ 
taching  soil  particles.  The  intensity,  together  with  the 
duration  of  the  rainfall,  determine  for  a  given  soil  condition, 
the  rate  of  infiltration  and  consequently  the  amount  of  run¬ 
off,  The  amount  of  infiltration  is  important  because  it  is 
perhaps  the  largest  source  of  abstractions  and  therefore  has 
the  potential  of  significantly  reducing  the  amount  of  runoff. 
Infiltration  is  dependent  on  storm  frequency  to  the  degree 
that  the  frequency  of  rain  determines  the  soils*  antecedent 
conditions.  Wet  antecedent  conditions  will  reduce  infiltra¬ 
tion  capacity  rates  and  therefore  produce  higher  runoff 
rates  than  would  be  expected  for  dry  antecedent  conditions. 
Jens^l  shows  graphically  the  infiltration  capacity  reduction 
for  wet  antecedent  conditions.  All  of  these  factors  are  im¬ 
portant  in  determining  the  runoff  which  is  responsible  for  the 
detachment  and  transport  of  soil  particles. 

Climate  also  affects  the  type  of  vegetative  cover  that 
can  exist.  Vegetative  cover  in  turn  reduces  erosion  by  ab¬ 
sorbing  the  rain  drop  impacts,  reducing  runoff  by  means  of 
interception,  reducing  the  runoff  velocity  and  by  providing 
a  root  structure  which  helps  guard  against  the  formation  of 
rills.  Freezing  winter  weather  and  snow  also  affect  ero¬ 
sion.  During  winter  months  the  vegetative  cover  Is  general¬ 
ly  less  dense,  however,  precipitation  amounts  during  these 
months  are  generally  less  also.  When  preciptitation  does 
occur  in  the  form  of  rain,  the  ground  is  likely  to  be  fro¬ 
zen  which  will  decrease  infiltration  and  increase  runoff. 

The  frozen  ground  however  is  generally  less  susceptible  to 
soil  particle  detachment  due  to  raindrop  impact  or  overland 
flow.  The  most  serious  erosion  problems  will  occur  in  the 
spring  when  snow  melt  and  spring  rains  combine  for  unusual¬ 
ly  high  rates  of  runoff.  This  combined  with  sparse  vegetation 


and  soft  thawing  soil  create  ideal  conditions  for  large 
soil  losses. 


Erosion  rates  in  the  United  States  have  been  found  to 
be  the  highest  where  the  annual  effective  precipitation  is 
between  10  and  14  inches  (25»4  -  35*56  cm).  Rainfall  be¬ 
low  10  inches  does  not  produce  enough  runoff  to  carry  awav 
much  sediment.  When  rainfall  exceeds  14  inches  (35*56  cm) 
per  year,  the  added  rainfall  produces  a  denser  vegetation 
which  protects  the  soil  from  erosion. 51  From  these  ex¬ 
amples.  the  role  that  climate  plays  in  influencing  erosion 
is  obvious. 

Soil  properties  will  also  affect  the  amount  of  ero¬ 
sion  in  several  ways.  Some  soils  will  support  vegetation 
better  than  others i  the  advantage  of  dense  vegetation  cover 
has  already  been  mentioned.  The  soil  type  also  has  a  great 
effect  on  the  infiltration  ratej  the  effect  of  infiltration 
has  already  been  mentioned.  Finally,  some  soils  are  just 
more  susceptible  to  erosion.  There  are  laany  factors  which 
determine  a  soil's  erodibilityt  they  include  the  followlngi 
primary  particle  size  distribution,  soil  structure,  iron  and 
aluminum  oxides,  organic  matter,  moisture  content,  wetting¬ 
aging,  and  electro-chemical  bonds, 3°  The  Universal  Soil 
Loss  Equation  (USLE  will  be  discussed  in  detail  later)  con¬ 
tains  a  soil  erodibility  factor  for  which  Wischmeier  et  al.^2 
developed  a  nomograph.  The  nomograph  considers  percent  silt 
and  very  fine  sand,  percent  organic  material,  soil  structtire 
and  permeability,  Romkens  et  al,^3  developed  a  regression 
equation  for  erodibility  of  high  clay  subsoils  which  con¬ 
siders  the  percent  of  silt,  very  fine  sand,  sand,  AI2O3, 

Fe203  and  Si02*  Singer  et  al,^^  found  that  soil  erodibility 
was  related  to  the  critical  tractive  force  of  soil.  However, 
no  means  of  using  this  to  predict  soil  erodibility  have  been 
presented  yet. 

Topography  affects  erosion  because  it  governs  the  manner 
in  which  rainfall  will  runoff.  Slope  and  length  are  the  two 
important  factors  of  topograph.  The  steeper  the  slope,  the 
higher  the  runoff  velocity.  Higher  runoff  velocities  1)  de¬ 
crease  infiltration,  2)  increase  the  potential  for  particle 
detachment  by  shear,  and  3)  increase  the  sediment  carrying 
capacity  of  the  runoff.  Also,  the  transport  of  soil  par¬ 
ticles  by  raindrop  splash  will  be  greater  on  a  hill  side  than 
on  level  ground.  This  is  because  the  probability  of  trans¬ 
porting  particles  by  raindeop  splash  is  equal  in  all  directions. 
Since  the  raindrop  pattern  is  fairly  uniform  over  an  area, 
the  net  transport  will  be  near  zero  for  level  ground.  How¬ 
ever,  on  sloping  ground  the  raindrop  splash  does  not  travel 
as  far  up  hill  as  it  does  down  hill  with  the  result  of  a  net 
transport  downhill, 1° 
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The  Universal  Soil  Loss  Equation  includes  a  factor  for 
the  topography  called  the  length/slope  factor,  LS.  The  shape 
of  the  slope  is  also  important  whether  it  is  convex,  con¬ 
cave  or  complex.  The  USLE  handles  these  shapes  by  approxi¬ 
mating  them  with  shorter  straight  line  segments.  A  more  de¬ 
tailed  discussion  on  the  L3  factor  will  be  presented  in  the 
section  on  the  USLE. 

Land  management  refers  to  land  use,  surface  cover,  res¬ 
idual  land  use  effects,  and  structures  used  to  control  ero¬ 
sion  and  sediment.  Structures  and  surface  cover  will  be  dis¬ 
cussed  in  detail  in  Chapter  III.  Land  use  and  residual  land 
use  effects  mainly  refer  to  surface  conditions.  Whether  the 
land  use  is  agricultural,  forest,  residential,  surface  mining 
or  whatever,  it  is  essential  to  know  how  the  surface  condi¬ 
tion  affects  raindrop  impact,  infiltration,  runoff  and  run¬ 
off  rates.  Important  also  is  how  the  land  use  may  change 
the  soil  structure  and  composition,  and  possibly  even  the 
topography.  Surface  mining  for  instance,  will  significantly 
change  the  topography  and  may  well  totally  change  the  surface 
material  by  overturning  it  and  replacing  it  with  subsoil, 

Sven  if  the  top  soil  is  returned  to  the  surface,  chances  are 
that  its  density  is  changed  and  its  original  cover  is  miss¬ 
ing,  Another  example  of  the  effect  of  land  use  is  in  agri¬ 
culture,  where  tillage  acts  as  a  detachment  mechanism  and  will 
significantly  increase  erosion  susceptibility.  Sometimes  the 
management  history  of  the  land  will  have  an  effect  on  ero¬ 
sion  rates.  For  instance,  cultivated  land  that  had  been  in 
meadow  2  or  3  years  previously  will  be  less  susceptible  to 
erosion  than  a  field  which  has  been  continually  cultivated. 

The  fine  root  structures  from  the  plowed  under  meadows  helo 
maintain  infiltration  and  protects  against  erosive  forces. 3“ 

Plow  properties  have  already  been  discussed  earlier. 
Briefly,  the  volume  and  velocity,  particularly  the  later,  will 
determine  the  carrying  capacity  of  the  water.  Also,  increases 
in  velocity  will  increase  the  soil  detachment  capability  of 
the  flowing  water. 

The  factors  which  influence  erosion  have  been  briefly 
presented.  There  is  much  published  literature  on  this  sub¬ 
ject  and  there  is  a  continuing  effort  to  quantify  more  pre¬ 
cisely  each  of  these  factor's  role  in  the  erosion  process. 

One  of  the  most  difficult  parts  in  this  effort  is  to  accurate¬ 
ly  measure  erosion  rates. 

There  are  several  methods  to  determine  erosion  or  sedi¬ 
ment  rates.  The  expression  "soil  erosion"  is  used  to  denote 
the  soil  which  has  been  moved  from  its  point  of  origin, 
"Sediment  yield"  is  defined  as  the  amount  of  sediment  which 
leaves  a  watershed.  The  sediment  yield  divided  by  the  soil 
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erosion  Is  defined  as  the  "delivery  ratio#"^-^  In  other 
words,  the  delivery  ratio  is  the  fraction  of  the  total 
amount  of  eroded  soil  which  leaves  the  watershed  prior 
to  its  deposition.  The  goal  is  to  be  able  to  determine  sed¬ 
iment  yield.  Sediment  yield  is  generally  measured  in  tons  per 
unit  of  time.  The  unit  of  time  will  vary  depending  on  the 
method  used  to  determine  the  sediment  yield  and  the  reason 
for  determining  it. 

There  are  several  reasons  for  predicting  sediment  yield. 
One  of  the  first  reasons  was  to  determine  the  storage  require¬ 
ments  necessary  for  flood  control  structures.  For  this  pur¬ 
pose,  sediment  yield  was  desired  in  ton/year  (MT/year). 

Another  reason  for  which  sediment  yield  predictions 
are  important  is  for  use  in  design  of  erosion  and  sediment 
control  structures.  Not  only  is  it  desirable  to  know  how 
much  sediment  will  be  required  to  be  trapped  and  stored, 
but  equally  important,  it  is  desirable  to  be  able  to  predict 
the  sediment  yields  for  the  same  watershed  after  erosion  and 
sediment  control  methods  have  been  employed  in  order  to  de¬ 
termine  their  effectiveness.  For  this  purpose,  the  time  unit 
may  be  quarterly,  monthly  or  even  on  a  storm  basis. 

With  the  present  enviromental  regulations  governing 
water  quality,  it  is  desirable  to  know  the  sediment  con¬ 
centrations  entering  the  sediment  pond.  Concentrations  are 
generally  measured  in  milligrams  per  liter  (mg/1)  or  parts 
per  million  (ppm).  Thus  the  sediment  yield  must  be  known  a- 
long  with  the  runoff  volume.  Sediment  concentrations  vary 
with  time  and  runoff  rates,  but  not  necessarily  in  propor¬ 
tion  to  runoff  rates. 

Besides  the  reasons  mentioned  above,  models  to  predict 
sediment  yield  serve  another  useful  purpose.  That  is,  they 
provide  an  orderly  step  by  step  approach  of  a  very  complex 
process  that  varies  both  in  time  and  space.  This  provides  a 
tidy  framework  upon  which  information  gaps  become  readily  ap¬ 
parent,  Thus  an  overall  picture  is  provided  for  research¬ 
ers  of  different  interest, i35 

There  are  a  multitude  of  methods  for  determining  or  pre¬ 
dicting  sediment  yield.  There  are  almost  as  many  different 
ways  of  categorizing  them,  and  there  appears  to  be  no  con¬ 
sensus  as  to  the  best  method.  Some  of  the  different  means  of 
categorizing  the  predictive  methods  are  listed  belowi 

U,3,  Army  Corps  of  Sngineers^5  (cOS) 

a)  Methods  involving  predictive  equations 

b)  Methods  involving  extrapolation  of  measured 
records 


Soil  Conservation  Service^^  (SCS) 

a)  Gross-erosion  and  sediment  delivery  ratio 

b)  Predictive  equations 

c)  Suspended-sediment  load  measurements 

d)  Sediment  accumulation  measurements 

U.S.  Environmental  Protection  Agency^^  (EPA) 

a)  Empirical 

b)  Statistical 

c)  Simulation 


h  Q 

Kimberlin  and  Moldenhauser^ 

a)  Statistical  equations 

b)  Methods  using  time  variant  interactions  of 
physical  process 


There  is  no  one  method  used  by  all  of  the  federal  agen¬ 
cies  (Corps  of  Engineers,  Environmental  Protection  Agency, 
Bureau  of  Reclamation,  Soil  Conservation  Service).  In 
fact,  none  of  the  agencies  limit  themselves  to  any  one  method, 
A  particular  method  will  be  selected  based  on  the  specific 
sediment  yield  prediction  needs,  existing  data,  available  time 
and  money.  It  might  be  noted  however  that  the  method  which 
appears  most  frequently  in  the  literature,  textbooks  and  reg¬ 
ulations  is  the  Universal  Soil  Loss  Equation  (USLE),  The 
USLE  was  first  developed  for  agricultiiral  lands  east  of  the 
Rockies.  However,  since  its  development,  much  additional  data 
has  been  gathered  for  verification  of  the  equation  for  other 
land  uses  throughout  the  country.  It  is  becoming  widely  ac¬ 
cepted  and  in  a  recent  USHPA‘+9  publication,  it  was  acclaimed 
as  ",  «  .  the  best  index  presently  avail  ble  to  predict  re¬ 
lative  soil  loss  due  to  sheet  and  rill  erosion,"  There 
still  exists  limitations  in  its  use  and  more  research  data 
is  needed  in  some  areas.  These  will  be  covered  in  more  de¬ 
tail  later. 

It  is  not  the  purpose  here  to  review  all  of  the  differ¬ 
ent  methods  available  to  predict  sediment  yield,  Many  of 
the  methods  are  not  applicable  for  use  in  the  study  of  sedi¬ 
ment  control  for  surface  mines. 

As  mentioned  above,  there  exists  a  variety  of  uses  for 
sediment  prediction,  and  the  particular  use  will  determine 
the  desirable  characteristics  of  the  method  to  be  selected. 
What  are  some  of  the  characteristics  1  ked  at  when  select¬ 
ing  a  method?  The  time  factor  is  one  of  the  most  important 
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factors  in  selecting  an  appropriate  method  or  model.  Some 
methods  will  predict  sediment  yield  on  an  annual  basis.  This 
is  ideal  when  determining  the  sediment  storage  capacity  for 
a  flood  control  reservoir  but,  is  not  appropriate  when  concern 
is  focused  on  water  quality.  For  water  quality  work,  sed¬ 
iment  yield  is  desired  at  least  on  a  storm  by  storm  basis 
and  preferably  on  a  time  interval  of  say  5  to  15  minutes  so 
that  continuous  concentrations  throughout  the  storm  may  be 
determined.  The  size  of  the  watershed  for  which  the  method 
was  designed  is  also  important.  Some  methods  try  to  trans¬ 
fer  data  from  one  vrcitershed  to  a  similar  one.  This  can  be 
done  with  some  accuracy  for  larger  watersheds,  but  not  so  ac¬ 
curately  for  smaller  ones.  This  is  because  differences  tend 
to  average  out  over  large  watersheds  and  specific  local  ef¬ 
fects  are  not  so  apparent.  This  is  not  the  case  for  small 
watersheds. 

The  source  of  sediment  is  another  important  factor  when 
selecting  a  predictive  method.  The  source  may  affect  the  hy¬ 
drologic  conditions  significantly.  For  instance,  urban  water¬ 
sheds  will  experience  more  and  quicker  runoff  due  to  the  high 
percentage  of  paved  areas.  The  source  will  also  dictate  the 
type  of  sediment,  this  is  important  because  of  the  different 
ways  in  which  different  types  of  sediment  are  transported  and 
controlled.  Finally,  the  source  may  determine  the  type  of 
erosion  to  expect.  For  instance,  for  surface  mined  areas  sed¬ 
iment  ponds  will  be  located  as  close  as  possible  to  the  dis¬ 
turbed  land.  Therefore  in  most  cases,  there  will  be  very 
little  channel  or  stream  flow.  The  majority  of  erosion  will 
be  sheet  and  rill  as  opposed  to  c banned,  flood  plain  scour, 
streambed  degradation  and  valley  trenching,  etc. 

Thus  in  selecting  a  predictive  model,  the  predictive 
needs  must  be  examined.  Among  the  important  elements  to  con¬ 
sider  are  time,  watershed  size,  and  sediment  source, 50 

References  ^5f^6,^7,  48,  51  mention  and  describe  the 
current  sediment  yield  prediction  methods.  Not  all  of  these 
methods  are  applicable  for  the  sediment  problems  of  surface 
mining.  Furthermore,  some  have  been  developed  for,  and  are 
limited  to  use  in  specific  geographical  locations.  The  only 
methods  which  will  be  discussed  here  in  any  further  detail  are 
the  Universal  Soil  Loss  Equation  (USLS)  and  the  Modified 
Universal  ioi'  Loss  Equation  (MU3LE),  These  two  methods  have 
received  the  most  attention  in  recent  literature  for  predict¬ 
ing  sediment  yield  for  surface  mined  areas.  Since  the  leder- 
al  regulations  prescribe  the  use  of  the  USLS,  it  is  likely  to 
continue  to  receive  much  attention  at  least  for  the  next  few 
years. 

As  mentioned  earlier,  one  of  the  most  universally  used 
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and  widely  accepted  methods  of  predicting  soil  loss  is  the 
Universal  Soil  Loss  Equation  (USLE).  Note  that  this  equa¬ 
tion  actually  predicts  gross  soil  erosion  and  not  sediment 
yield*  If  there  exists  frequent  opportunity  for  sediment 
deposition  between  the  field  and  the  point  where  sediment 
yield  predictions  are  desired*  a  delivery  ratio  must  be 
determined*  The  results  of  the  USLE  multiplied  by  the  de¬ 
livery  ratio  will  give  the  predicted  sediment  yield* 

In  1965*  Wischmeier  and  Smith^^  published  their  im¬ 
proved  version  of  Musgrave's  equation  along  with  proposed 
procediires  and  nomographs*  This  equation  which  was  developed 
in  the  late  1950*3  at  the  Soil  Loss  Data  Center  of  the  Agri- 
cultxiral  Research  Service  (ARS)  at  Purdue  University  has  be¬ 
come  known  as  the  Universal  Soil  Loss  Equation  (USLE).  The 
original  equation  was  based  on  data  collected  from  48  loca¬ 
tions  in  26  states* 

The  USLE,  Equation  1,  assumes  that  erosion  is  dependent 
on  four  factors  I  1)  rainfall,  2)  soil  type,  3)  topography, 
and  4)  land  mangement*  The  equation  is  empirical,  and  the 
factors,  which  are  interdependent,  have  been  developed  in 
English  units*  The  interdependency  of  the  factors  makes  the 
direct  conversion  of  the  factors  to  the  metric  system  im¬ 
possible*  However,  reference  4o  explains  how  the  whole  equa¬ 
tion  can  be  converted  to  the  metric  system*  It  should  be  re¬ 
membered  however,  that  most  tables  which  give  the  values  for 
USLE  factors  were  developed  for  English  units* 

The  simple  multiplication  of  the  four  factors  will  yield 
the  gross  soil  erosion  in  mass  per  unit  area  per  unit  of 
time*  The  normal  time  unit  associated  with  the  R  factor  is 
year,  while  the  mass  per  unit  area  associated  with  the  K 
factor  is  tons  per  acre*  Thus,  the  gross  soil  erosion  is 
normally  computed  in  tons /acre /year* 


A  =  R  •  K  •  LS  •  CP  EQ,  1 


Where  I 

A  -  Calculated  soil  loss,  tons/acre 
R  -  Rainfall  Factor  , 

K  -  Soil  Erodibility  Factor 
LS  -  Length-Slope  Factor 
CP  -  Control  Practice  Factor 

The  rainfall  factor  accounts  for  the  interrelationships 
between  the  erosive  forces  of  the  falling  rainfall  and  the 
runoff*  The  two  quantities  used  to  determine  the  rainfall 


factor  are  the  average  intensity  and  the  maximum  30-min¬ 
ute  Intensity,  Isoerodent  maps  have  been  developed  to  pro¬ 
vide  average  annual  erosivity  or  rainfall  factors  through¬ 
out  the  United  States,  Alsoy  tables  are  available  which 
make  it  possible  to  compute  the  average  monthly  values  based 
on  geographical  location.  For  more  detail  on  the  rainfall 
factor  and  the  factors  to  follow,  the  reader  is  referred 
to  references  16,  4o,  42,  52, 

The  soil  erodibility  factor,  K,  takes  into  account  the 
soil  type  and  its  susceptibility  to  erode.  It  is  the  soil 
loss  rate  per  erosion  index  unit  for  a  specified  soil  as  meas¬ 
ured  on  a  control  plot  of  specified  size  and  slope  under  spec¬ 
ified  conditions,  A  nomograph  has  been  developed  for  deter¬ 
mining  the  soil  erodibility  factor  for  a  given  soil  based  on 
the  percent  silt,  sand,  very  fine  sand,  organic  material, 
soil  structure  and  permeability. 

The  length  slope  factor,LS,  accounts  for  the  topography 
of  the  watershed.  The  LS  factor  is  the  expected  ratio  of  the 
soil  loss  per  unit  area  for  a  given  slope  to  the  soil  loss 
per  unit  area  having  a  9?6  uniform  slox>e.  All  other  conditions 
are  considered  to  be  equal.  Table  2  shows  the  LS  factors  for 
slopes  ranging  from  ,255  to  20^,  for  lengths  of  25  to  1000  feet. 
The  references  given  above  also  show  how  concave,  convex  and 
cwnplex  slopes  are  handled. 

Finally,  the  control  practice  factor  CP  accounts  for  the 
effect  of  land  management.  Originally  two  factors  were  con¬ 
sidered,  the  cropping  management  factor  and  the  erosion-control 
factor.  Both  have  been  combined  and  are  referred  to  as  the 
control  practice  factor.  It  is  defined  as  the  ratio  of  sed¬ 
iment  loss  from  a  field  with  a  given  cover  and  conservation 
practice  to  that  of  a  field  in  continuous  fallow.  Many  tables 
are  available  which  give  the  CP  factor  for  a  variety  of  dif¬ 
ferent  type  covers  and  conservation  practices. 

As  stated  earlier,  the  USLE  has  been  acclaimed  to  be  the 
best  soil  loss  index  available. ^9  it  has  gained  wide  accept¬ 
ance  by  soil  conservationists  and  has  been  used  in  several  dif¬ 
ferent  disciplines.  Although  originally  developed  for  use 
on  agricultural  land,  it  has  been  used  for  urban  areas, 
construction  sites  and  surface  mined  areas.  When  using  the 
USLE,  the  user  should  be  well  aware  of  its  limitations.  It 
was  developed  to  give  estimations,  not  absolute  values,  for 
soil  erosion  for  agricultural  land.  It  estimates  sheet  and 
rill  erosion  only,  not  gully,  channel,  flood  plain,  mass, 
etc, i-t  must  be  remembered  that  the  USLE  does  not  pre¬ 
sently  evaluate  fluctuations  in  antecedent  surface  condi¬ 
tions  and  storm  characteristics.  Although  it  has  been  used 
to  predict  sediment  yield  for  single  storms  and  tables  exist 


Table  2,  Values  of  LS  Factor  for  Specific  Combinations 
of  Sloi>e  Length  and  Steepness 

(taken  from  Reference  40) 
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Note  I  The  dotted  lines  have  been  added  to  show  length  and 
slope  combinations  of  test  plots  from  which  the  data 
was  obtained.  All  other  values  have  been  extrapolated. 


for  R  valuos  for  single  storms «  "The  USLE  la  not  recommended 
for  prediction  of  specific  soil  lose  events. "'♦0  References 
53  and  54  will  provide  the  reader  with  further  details  of  the 
uses  and  limitation  of  the  USLE. 

Willlams^^  in  1975  modified  the  USLE  to  eliminate  the 
need  for  a  delivery  ratio.  In  his  version*  known  as  the 
Modified  Universal  Soil  Loss  Equation  (MUSLE)*  the  rainfall 
factor  R  is  replaced  by  a  runoff  factor.  The  runoff  factors 
reflect  the  same  basin  characteristics  as  delivery  ratios, 
such  ast  drainage  area,  stream  slope  and  watershed  shape. 55 
MUSLE  requires  both  runoff  volume  and  peak-flow  rates,  and 
is  expressed  asi 

Y  *  11,8  (Q  X  qp)‘56  •  K  •  CP  •  LS  EQ.  2 


Where i 

Y  «  the  sediment  yield  from  an  individual  storm  in  MT 
Q  a  the  storm  runoff  volume  in  m3 
qp  =  the  peak  runoff  rate  in  m3/sec. 


All  other  terms  are  the  same  as  in  the  USLE.  The  model 
was  tested  om  26  watersheds  located  in  Texas.  The  results 
of  these  tests  reported  by  Brendt5«  indicate  that  the  model 
can  predict  fairly  accurately  the  daily,  monthly  and  annual 
sediment  yield. 

Williams55  states  that,  "Although  the  runoff  factor  is 
a  good  sediment-yield  predictor,  more  research  is  needed  to 
insure  that  the  modified  equation  is  applicable  to  most 
small  watersheds.  All  available  small-watershed  data  should 
be  analyzed  to  determine  the  optimum  values  of  the  coefficients 
in  the  predictive  equation.  Also,  more  work  is  needed  to  de¬ 
termine  guidelines  for  selecting  erosion-control-practice 
factors  for  watersheds." 

Chukwuma^®9^  in  1979,  modified  Wischmeier's  rainfall 
factor  and  Williams*  runoff  factor,  Chukwuma*s  runoff  fac¬ 
tor,  R,  is  composed  of  two  parts,  one  for  sheet  erosion  and 
another  for  rill  erosion.  In  the  development  of  this  mod¬ 
ified  runoff  factor,  it  is  necessary  to  measure  the  duration 
of  the  runoff  hydrograph  for  which  the  runoff  magnitude  is 
at  least  60^  of  the  peak  runoff.  This  in  essence  allows  the 
R  factor  to  portray  more  information  about  the  runoff  char¬ 
acteristics  than  merely  peak  and  total  runoff.  This  runoff 
factor,  like  Williams*,  is  used  in  predicting  sediment  yield 
for  single  storm  events.  Limited  tests  conducted  by  Chukwuma 
indicated  his  modified  version  improved  the  prediction 
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capatilitleB  of  the  USLE  for  single  storm  erents. 


MEASUREMENT 


It  is  sometimes  desirable  or  necessary  to  actually 
measure  the  suspended  sediment  and  the  bedload  of  a  parti¬ 
cular  water  course.  It  is  recalled  that  suspended  sediment 
plus  bedload  equals  the  total  sediment  load.  Due  to  the 
differences  in  characteristics  of  suspended  and  bedload  sed¬ 
iment  and  the  differences  in  the  way  they  are  transported, 
different  means  of  measuring  them  are  required.  Attention 
will  be  restricted  here  to  methods  of  measuring  suspended 
sediment  for  two  reasons.  First,  the  erosion  of  chief  con¬ 
cern  in  siirface  mining  is  sheet  and  rill  which  produces  lit¬ 
tle  bedload  material.  Secondly,  bedload  material  can  be  easi¬ 
ly  trapped,  whereas  control  of  the  suspended  sediment  causes 
the  greatest  problems  in  water  quality. 

There  are  four  reasons  for  desiring  to  measure  suspend¬ 
ed  sediment.  The  first  is  in  order  to  insure  that  water  qual¬ 
ity  standards  are  being  met.  For  example,  the  Ohio  Department 
of  Natural  Resources57  and  the  Ohio  Environmental  Protection 
Agency  require  the  effluent  from  sediment  ponds  be  sampled 
twice  monthly.  Second,  meastired  sediment  concentrations  are 
used  to  calibrate  and  verify  predictive  models.  Third,  sus- 

r  ended  sediment  measurements  have  been  used  to  develop  rat- 
ng  curves  which  are  used  to  extend  sediment  data  and  to  es¬ 
timate  annual  rates.  They  are  also  used  to  transfer  data 
from  gaged  to  ungaged  watersheds  in  order  to  predict  sediment 
yield.  And  finally,  measurement  of  suspended  load  allows  the 
effectiveness  of  various  control  methods  to  be  determined. 

One  of  the  oldest  and  most  widely  used  means  of  measuring 
suspended  sediment  is  to  take  a  water  sample  and  analyze  it 
in  the  laboratory.  The  problem  arises  as  to  how  to  obtain 
a  representative  water  sample.  Two  general  techniques  have 
been  used.  The  first  and  preferable  method  is  to  take  a  frac¬ 
tional  part  of  the  flow  as  it  passes  over  a  weir  or  spillway. 

The  advantage  to  these  methods  is  that  the  samples  are  gener¬ 
ally  more  representative  since  they  do  not  disturb  the  hydrau¬ 
lics  of  the  strearaflow  since  the  samples  are  withdrawn  from 
the  flow  as  it  is  dropping  from  a  weir  or  spillway.  The  dis¬ 
advantage  is  that  a  drop  structure  providing  several  feet  of 
fall  is  required.  At  least  four  instruments  have  been  de¬ 
veloped  to  sample  stream  flow  in  this  methodi  1)  Splitter 
samplers,  2)  Fractional  water-sediment  samplers,  3)  the 
Coshocton  wheel,  and  4)  the  rotating  arm  sampler, 

Brown5®  describes  a  series  of  splitters  which  progressively 
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reduce  the  sample  site  from  I/6OO  to  1/6000  to  1/60,000  of 
the  total  volume  of  flow.  The  first  splitter  (a  Barnes  split¬ 
ter)  consists  of  a  sharp  edged  slot  which  extends  from  the 
crest  of  the  drop  structure  downstream  sufficiently  far  to 
continuously  collect  water  samples  from  the  full  nappe  of 
the  design  flow.  The  slot  width  of  the  sampler  can  vary 
depending  on  the  size  sample  desired.  The  second  splitter 
reduces  the  sample  size  by  a  factor  of  10.  It  consists  of 
a  slot  in  the  bottom  of  the  Barnes  splitter  1/10  the  width 
of  the  splitter  channel.  Similarly,  the  third  splitter  re¬ 
duces  the  sample  by  a  factor  of  10,  Brown  indicates  that 
estimates  of  suspended  sediment  load  by  use  of  this  method 
yields  results  with  errors  usually  less  than  18^,  A  drop 
structure  providing  an  approximate  4,5  feet  (1.37  n)  dropis 
required. 

Heinemann  and  Brown^9  describe  the  fractional  water- 
sediment  sampler.  This  sampler  unlike  the  splitter  mention¬ 
ed  above  is  hand  operated  and  requires  two  people,  A  drop 
structure  providing  a  30  cm  drop  is  required.  The  sampler 
also  has  a  sharp  edged  slot  which  is  held  at  the  nappe  of  the 
drop.  The  slot  is  sufficiently  long  to  collect  a  full  verti¬ 
cal  profile  at  one  time.  By  moving  the  sampler  across  the 
full  width  of  the  drop  structure,  a  fully  integrated  sample 
is  collected.  Adapters  can  be  used  to  further  divide  the 
sample  if  smaller  samples  are  required. 

Carter  et  al,^®  describe  the  operation  of  and  field  test¬ 
ing  of  the  Coshocton  wheel.  This  composite  sampler  was  de- 
veloi)ed  to  estimate  runoff  and  soil  loss  from  experimental 
areas.  It  requires  an  apron  approach,  approach  box  and 
flume.  The  flow  from  the  measuring  flume  falls  upon  a  cir¬ 
cular  disk  equipped  with  fins  on  its  surface.  The  flow  hit¬ 
ting  the  fins  causes  the  disk  to  rotate  on  its  axis  which  is 
inclined  slightly  from  the  vertical.  The  disk  has  a  slot  in 
it  which  extracts  a  portion  of  the  flow  as  it  passed  under  the 
jet  discharged  from  the  flume.  The  disadvantages  of  this 
system  is  that  it  requires  several  feet  of  drop,  is  sensi¬ 
tive  to  asymmetric  approach  velocities  and  therefore,  re¬ 
quires  special  approach  aprons,  boxes  and  flume,  has  a  max¬ 
imum  flow  rate  that  it  can  handle,  and  finally  it  does  not 
operate  correctly  for  heavy  loads  of  coarse  material  like 
sand,  Wang  et  al.ol  describe  a  modified  H-flume  for  use  with 
the  Coshocton  wheel.  With  this  modification,  sand-sediment 
concentrations  up  to  18,600  ppm  can  be  satisfactorily  han¬ 
dled,  However,  the  percent  of  coarse  and  fine  particles 
collected  by  the  saunpler  varies  with  sediment  concentra¬ 
tions  and  flow  rates. 

62 

Swanson  describes  the  rotating  arm  sampler.  This 
system  is  capable  of  collecting  either  discrete  or  composite 
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samples.  It  consists  basically  of  a  hollow  rotating  arm  with 
a  dipper  attached  to  the  end.  The  dipper  and  rotating  arm 
scribe  a  vertical  circle  as  it  is  driven  by  an  electrical 
gear  reduction  motor.  The  dipper  is  connected  to  the  ro¬ 
tating  arm  with  a  right  angle  elbow.  As  the  rotating  arm 
scribes  the  lower  part  of  the  vertical  circle,  the  dipper 
passes  under  the  discharge  flume  and  extracts  a  sample  from 
the  discharge.  As  the  dipper  and  sum  rise. the  dipper  is 
gradually  Inverted  and  the  sample  drains  through  the  hollow 
rotating  arm  and  is  collected  and  stored  automatically.  The 
size  of  the  entry  slot  in  the  dipper  as  well  as  the  rotating 
speed  can  be  varied  to  obtain  the  desired  ssunple  size.  This 
system  requires  several  feet  of  drop,  a  measuring  flume,  and 
an  electrical  power  soxirce.  Swanson®'^  noted  no  significant 
operational  problems  and  reports  excellent  results  when  the 
system  was  used  at  a  research  site  at  Gretna.  Nebraska  in 
1969*  Recently  however.  BontalO?  has  reported  that  varia¬ 
tions  in  the  percent  of  sampled  flow  have  been  observed  when 
the  flow  rate  increases.  No  explanation  for  this  phenomena 
has  been  found. 

In  the  other  method  of  obtaining  samples,  the  samples 
are  withdrawn  directly  from  the  stream.  The  advantage  is 
that  no  drop  structure  is  required.  The  disadvantage  is  that 
it  is  difficult  to  obtain  a  representative  sample  from  a- 
cross  the  entire  cross  section  and  that  it  is  difficult  not 
to  disturb  the  flow  when  taking  the  sample.  Numerous  de¬ 
vices  have  been  developed  to  take  samples  in  this  manner. 
There  are  basically  two  means  of  classifying  these  samplers. 
They  are  presented  in  outline  form  below < 


Classification  I 

i)  Integrating  samplers 

a)  point -Integra ting 

b)  depth-integrating 

ii)  Instantaneous  samplers 

iii)  Pumping  samplers 

iv)  Special  samplers 
Classification  II  (Prom  Reference  36) 

i)  Intake  is  oriented  parallel  to  stream  flow 

a)  sample  container  and  intake  nozzle  mounted 
as  one  integrated  unit  with  short  conduit 
connecting  the  two 

b)  sample  container  and  intake  as  one  integral  unit 


o)  sample  container  separated  from  intake  by 
several  feet  of  conduit 

ii)  Intake  is  oriented  perpendicular  to  stream  flow 

a)  sample  container  and  intake  nozzle  mounted 
as  one  Integrated  unit  with  short  conduit 
connecting  the  two 

b)  sample  container  separated  from  intake  by 
several  feet  of  conduit 

c)  sample  container  without  nozzle  or  conduit 


No  mention  of  instantaneous  samplers  was  discovered  in 
the  U.S.  literature  reviewed  hereini  however,  a  Polish  publi- 
cation®3  describes  three  such  devices.  These  instruments 
have  various  capacities  ranging  from  1-5  liters.  As  is  im¬ 
plied  by  their  name,  these  samplers  are  instantly  filled 
as  opposed  to  the  slowly  filled  integrating  samplers.  The 
main  disadvantage  of  instantaneous  samplers  is  that  they 
can  not  account  for  ",  ,  ,  the  pulsation  of  a  stream's  tur¬ 
bidity  during  sampling  ,  ,  ,"o3  The  three  instantaneous 
samplers  described  in  the  Polish  publication  are  the  follow¬ 
ings  P,I,H,  made  in  Poland,  Zhukovskii  type  made  in  Russia, 
and  the  Collet  type  used  in  France, 

Integrating  samplers,  as  can  be  seen  from  the  outline, 
can  be  either  point-integrating  or  depth  integrating.  The 
depth  integrating  sampler  is  used  to  continuously  obtain 
samples  throughout  the  vertical  profile  as  the  sampler  is 
lowered  and  than  raised  through  the  stream  depth.  The  Inter- 
Agency  Sediment  Project®^  developed  three  depth  integrating 
samplers  ranging  in  weight  from  4,5  lbs,  (2,04  kg)  to  62  lbs, 
(28,12  kg).  Reference  36  lists  and  describes  no  less  than  10 
depth  integrating  samplers.  The  U,S,  designed  integrating 
samplers  (both  point  and  depth)  are  designed  to  sample  iso- 
kinetically,  that  is,  the  sample  water  does  not  accelerate  as 
it  leaves  the  stream  and  enters  the  sampler.  The  depth  in¬ 
tegrating  samplers  have  nozzle  sizes  ranging  from  3,2  mm  to 
6,4  mm  located  from  .3  ft,  (9*1  cm)  to  ,4  ft,  (12,19  cm)  above 
the  bottom  of  the  sampler.  Although  the  nozzles  have  no 
valves,  there  is  an  exhaust  tube  which  allows  air  to  es¬ 
cape  as  the  sampler  fills  with  water. 

Point  integrating  samplers  are  considered  more  versa¬ 
tile  than  the  depth  integrating, 36  They  can  collect  samples 
over  a  period  of  time  at  any  place  within  the  stream  cross 
section,  except  within  a  few  inches  of  the  bottom.  They  can 
also  be  used  as  a  depth  integrating  sampler.  The  point 
integrating  sampler  has  an  electrically  operated  valve  which 
usually  has  three  positional  closed,  open,  and  one  which  al¬ 
lows  equalization  of  the  pressure  on  the  inside  with  the 
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hydrostatic  pressure.  These  models  also  include  exhaust 
ports  which  allow  air  to  escape  while  the  sample  fills  with 
water.  Reference  36  lists  and  describes  five  different 
point  integrating  models. 

Pumping  samplers  are  intended  for  use  at  permanent  or 
semi -permanent  installations.  They  are  operated  by  a  timer 
which  can  be  set  to  obtain  samples  at  any  desired  frequency. 
Samples  are  collected  and  stored  in  liter  or  half  liter  bot¬ 
tles.  The  samples  are  not  isokinetically  collected  and  the 
intake  is  usually  oriented  perpendicular  to  the  flow.  This 
gives  fairly  accurate  results  for  clay  and  fine  silt  par¬ 
ticles,  but  not  for  coarser  particles.  The  sampler  can  be 
activated  by  a  manual  switch,  but  is  more  commonly  activated 
by  an  automatic  switch  when  the  stream  reaches  a  predeter¬ 
mined  stage.  These  types  of  samplers  are  ideal  for  sampling 
during  storm  events  particularly  in  isolated  areas.  Their 
disadvantage  is  that  they  do  not  sample  isokinetically,  and 
are  therefore,  not  reliable  for  sampling  coarser  particles. 
Reference  36  describes  two  pumping  samplers. 

Finally,  there  are  a  few  samplers  classified  as  special 
samplers.  The  first  is  a  single  stage  sampler  described  in 
both  references  36  and  64.  The  advantages  are  that  they  can 
be  installed  for  a  predetermined  stage  before  the  storm,  and 
do  not  need  to  be  attended.  They  are  also  inexpensive.  The 
disadvantages  are  that  samples  will  be  collected  at  or  near 
the  surface  and  usually  close  to  shore.  Sampling  will  pro¬ 
bably  not  be  isokinetic,  and  flow  may  circulate  through  the 
sample  after  the  original  sample  is  collected.  Finally,  the 
intake  nozzle  may  become  clogged  with  debris  or  insects.  An¬ 
other  sampler  which  is  described  in  reference  36  is  a  flow 
through  sampler  which  can  be  closed  off  by  a  spring  mechan¬ 
ism  at  any  predetermined  stage. 

The  second  means  of  sampler  classification  listed  above 
is  self  explanatory.  The  integrating  and  instantaneous  samplers 
have  their  intakes  oriented  parallel  to  the  flow.  The  pump¬ 
ing  samplers  generally  have  their  intakes  oriented  perpendicu¬ 
lar  to  the  flow  to  avoid  being  clogged  with  debris. 

Other  methods  have  been  and  are  being  explored  to  de¬ 
termine  sediment  concentrations  directly  without  the  need 
of  obtaining  a  sample  for  laboratory  analysis.  These  meth¬ 
ods  include  electronic  sensing  methods,  turbidity  methods, 
ultrasonic  and  nuclear  methods.  Of  all  methods,  the  turbidity 
meters  show  the  most  promise  at  present.  Turbidity  meters 
operate  on  the  principle  of  measuring  the  light  which  is  re¬ 
flected  as  a  beam  of  light  is  passed  through  the  water.  The 
measure  of  reflected  light  is  related  to  the  amount  of  sed¬ 
iment  present  to  reflect  the  light.  Early  problems  with  this 
method  involved  the  interference  caused  by  algae  growth  on 


the  lenses  through  which  the  light  beam  was  sent  and  received. 
Recent  models  are  self  correcting  for  this  growth.  Particle 
size  distribution  can  not  be  obtained  using  this  method,  nor 
can  this  method  distinguish  between  organic  and  inorganic  sed¬ 
iment.  For  further  information  on  any  of  the  above  mentioned 
methods  not  requiring  water  samples,  the  reader  is  referred 
to  references  36.  64,  and  65, 

Several  problems,  some  of  which  have  already  been  men¬ 
tioned.  exist  with  the  present  means  of  measuring  sediment 
concentrations.  First,  collecting  and  analyzing  samples  is 
both  expensive  and  time  consuming.  Secondly,  the  distinction 
between  suspended  and  bedload  sediment  is  not  clear  when 
making  measurements  close  to  the  stream  bottom.  The  third 
and  most  important  problem  is  that  of  obtaining  a  representa¬ 
tive  saunple.  It  must  be  remembered  that  sediment  concentra¬ 
tions  vary  spatially  and  temporally.  The  spatial  variation 
is  observed  both  in  depth  and  in  width.  Concentrations  will 
vary  in  time  throughout  the  duration  of  the  runoff  event. 

Local  variations  due  to  pulsations  are  also  observered. 

The  Coshocton  wheel,  the  rotating  arm  sampler,  and  the 
fractional  water-sediment  sampler  will  all  provide  integrated 
samples  in  time  and  space.  However,  this  will  only  give  an 
average  concentration  for  use  in  determining  total  sediment 
lost  during  the  event.  It  is  possible,  as  mentioned  earlier, 
to  obtain  discrete  samples  with  the  rotating  arm  sampler.  The 
pumping  samplers  store  each  sample  separately  such  that  the 
concentrations  at  different  times  can  be  found,  but  these 
samples  are  collected  at  only  one  point  at  one  depth.  Addi¬ 
tionally.  in  the  use  of  all  methods,  care  must  be  exercised 
so  as  not  to  disturb  the  stream  flow  and  interrupt  the  flow 
patterns  when  obtaining  samples. 

In  a  research  report  published  by  the  EPA^^,  the  point- 
integrating  automatic  pumping  samplers  were  found  to  be  of 
limited  value.  The  samples  collected  by  the  pumping  samplers 
when  compared  to  those  simultaneously  obtained  using  depth 
integrating  samplers  showed  absolutely  no  correlation.  The 
report  stated  that,  "data  collected  by  the  automatic  equip¬ 
ment  is  speculative  at  best." 

It  should  also  be  noted  that  once  a  sample  is  obtained, 
care  must  be  exercised  in  handling,  transporting  and  analyzing 
the  sample  such  that  the  aggregates  are  not  broken  down. 

No  ideal  method  for  determining  sediment  concentrations 
are  presently  available.  The  methods  available  have  been 
briefly  presented  here  along  with  their  disadvantages.  In 
selecting  a  method,  the  requirements  and  circumstances  of  the 
particular  case  must  be  reviewed.  Additionally,  the  opera¬ 
tor  must  be  aware  of  and  of  and  understand  the  limitations  of 
the  selected  method. 
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CHAPTER  III 


EROSION/SEDIMENT  CONTROL 


INTRODUCTION 


This  chapter  summarizes  the  "State  of  the  Art"  of 
sediment  control  for  land  disturbed  by  surface  mining.  One 
method  of  sediment  control  omitted  in  entirety  is  sediment 
ponds  which  will  be  discussed  in  detail  in  Chapter  IV, 

The  objective  of  erosion  and  sediment  control  for  sur¬ 
face  mined  areas  is  to  protect  the  receiving  waterways  from 
being  polluted  by  soil  particles,  referred  to  as  sediment. 

Two  approaches  are  generally  employed  to  achieve  this  ob¬ 
jective,  The  first  is  to  prevent  the  soil  particles  from  be¬ 
ing  eroded  in  the  first  place.  This  is  called  erosion  con¬ 
trol,  and  is  sometimes  referred  to  as  the  first  line  of  defense. 
No  practical  erosion  control  method  is  100^  effective  and 
thus  it  is  inevitable  that  some  erosion  will  occur.  Thus 
the  second  approach  is  to  cause  the  sediment  which  has  al¬ 
ready  been  eroded  to  be  deposited  before  the  runoff  water 
reaches  the  natural  waterways.  This  is  called  sediment  con¬ 
trol,  and  is  sometimes  referred  to  as  the  second  line  of  de¬ 
fense  . 

The  problems  of  erosion  and  sediment  control  have  been 
studied  in  the  agricultural  and  construction  fields  for  many 
years  before  it  received  wide  notice  in  the  mining  industry. 
Thus,  many  if  not  all  of  the  methods  which  will  be  discussed 
here  were  originally  developed  to  solve  problems  in  the  ag¬ 
ricultural  or  construction  fields.  Although  developed  for 
use  elsewhere,  these  methods  can  and  are  being  used  to  solve 
the  same  problems  in  the  mining  industry. 

For  the  most  effective  results,  control  plans  must  con¬ 
tinually  be  considered  as  a  whole.  No  one  method  is  likely 
to  achieve  the  desired  results.  In  fact,  most  cases  will 
require  one  or  more  techniques  from  each  of  the  two  approach¬ 
es.  Needless  to  say,  comprehensive  planning  is  of  no  less 
importance  in  erosion  and  sediment  control  than  it  is  in  any 
engineering  project.  Grim  and  Kill^S  state  that, "One  of  the 
primary  rules  for  good  erosion  and  sediment  control  is  that 
all  earth  moving  activities  be  planned  in  such  a  manner  that 
the  minimum  amount  of  disturbed  frea  will  be  exposed  for  the 
minimum  amount  of  time."  C\irtis°7  in  197*^  determined  from  his 
study  of  s’jrface  mined  land  that  the  greatest  erosion  occurs 


during  the  first  six  months  after  mining.  This  indicates 
the  importance  of  a  control  plan  prior  to  disturbing  the 
land  and  for  its  timely  execution. 


EROSION  CONTROL 


The  methods  for  erosion  control  will  be  reviewed  first, 
followed  by  methods  for  sediment  control.  It  should  be  noted 
that  some  methods  can  be  viewed  as  either  an  erosion  control 
or  a  sediment  control  method  or  perhaps  as  a  hybrid  control. 

No  effort  will  be  made  here  to  delineate  between  the  two 
since  both  are  approaches  of  obtaining  the  desired  end  re¬ 
sult.  The  only  reason  for  the  distinction  at  all  is  for 
discussion  purposes. 

The  specific  methods  of  erosion  control  will  be  re¬ 
viewed  by  the  erosion  process  which  they  tend  to  counteract. 

As  will  be  remembered  from  Chapter  II ,  there  are  two  pro¬ 
cesses  in  erosions  1)  detachment  and,  2}  transport.  Those 
methods  designed  to  counteract  detachment  will  be  reviewed 
first. 

Detachment  occurs  either  from  the  kinetic  energy  im¬ 
parted  due  to  raindrop  impact  or  from  shearing  action  due 
to  flowing  water.  Erosion  control  methods  aimed  at  reducing 
detachment  caused  by  raindrop  impact  can  do  either  one  of 
two  thingsi  1)  protect  or  shield  the  soil  by  using  vegeta¬ 
tion  or  mulches  to  absorb  the  kinetic  energy,  or  2)  strengthen 
or  stabilize  the  soil  such  that  the  kinetic  energy  of  the  rain¬ 
drops  is  not  sufficient  enough  to  detach  particles. 

Mills  and  Clar^9  state  that  vegetation  is  one  of  the 
most  important  means  of  controlling  erosion  on  surface  mined 
land.  However,  while  a  good  vegetative  cover  is  being  estab¬ 
lished  on  newly  disturbed  land,  action  must  be  taken  to  pro¬ 
vide  initial  protection  for  the  soil  as  well  as  the  recently 
planted  vegetation.  This  protection  has  been  successfully 
provided  by  mulches,  mulch  blankets,  excelsior  blankets,  jute 
netting  and  other  such  products. 

In  addition  to  providing  protection  from  the  erosive 
forces  of  rain,  mulches  also  provide  a  .  better  environ¬ 

ment  for  germination  and  plant  development  by  conserving  soil 
moistvire,  moderating  soil  temperature,  and  in  the  case  of  or¬ 
ganic  mulches,  providing  nutrients  to  the  soil."°9  This 
last  advantage  mentioned  makes  the  use  of  organic  mulches  more 
desirable  than  inorganic  mulches.  Organic  mulches  include i 
straw,  hay,  woodchips,  wood  fiber,  bark,  bagasse,  and  manure. 
Inorganic  mulches  include t  plastic  sheets,  gravel,  stone. 
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chanical  mulches*  fiberglass  and  building  blocks 


Excelsior  blankets*  jute  netting  and  mulch  blankets 
as  well  as  several  inorga^c  blankets  commercially  avail* 
able  are  also  used  as  mulches*  Netting  is  also  available 
not  as  a  mulch*  but  to  protect  loose  mulch  from  being  wash¬ 
ed  or  blown  away.  Besides  netting*  crimping  and  tacking  are 
also  methods  used  to  secure  loose  mulches  in  place*  The  best 
type  of  mulch  and  the  best  employment  technique  will  depend 
on  such  site  specific  factors  as  climate*  slope*  soil  type* 
type  of  vegetation  to  be  seeded*  and  availablity  of  materials* 
For  details  on  types  of  mulches*  methods  of  application* 
methods  of  securing*  effectiveness*  and  costs*  the  reader  is 
referred  to  references  49,  69,  70*  71 »  72*  In  addition*  the 
effectiveness  of  some  of  these  mulches  are  given  in  terras  of 
cover  and  management  factors  in  reference  4o  for  use  in  the 
USLE* 

Much  research  has  been  done  in  determining  the  best 
type  of  vegetative  cover  to  use*  An  EPA  handbook  on  erosion 
and  sediment  control®?  explains  that  grasses  and  legumes  are 
best  suited  for  early  stages  of  soil  stablization*  and  that 
scrubs  and  trees  are  best  used  in  intermediate  and  late  stages 
to  provide  protective  canopies  and  surface  organic  material 
from  leaf  cover*  Again*  in  selecting  the  type  of  vegetation 
to  use,  many  factors  are  involved  such  ast  germination  time* 
growth  habits  (ie*  annual*  biennial*  perennial*  long-lived* 
short-lived*  etc*)*  climate  and  drainage  suitabilities* 
tolerance  range,  flood  tolerance*  shade  tolerance*  slope 
ranges*  soil  and  fertilizer  requirements  and  maintenance  re¬ 
quirements*  For  tables  listing  different  species  and  their 
characteristics*  the  reader  is  referred  to  references  4-9*  69* 
70*  71 t  72*  Much  work  is  presently  being  conducted  in  the 
agricultural  field  to  devise  better  methods  to  establish  veg¬ 
etative  covers  quicker  on  land  disturbed  by  surface  mining. 
Howard  et  al*73  have  done  research  with  plant  growth  in  both 
topsoil  and  overburden  from  active  mines*  They  have  experi¬ 
mented  with  N  and/or  P  fertilizers  as  well  as  sewage  sludge 
and  manure*  The  data  from  their  research  is  hoped  to  be  of 
future  value  in  reclamation,  and  revegetation  of  surface  mined 
lands*  Schuman  and  Taylor^^  have  shown  the  benefits  of  mixing 
subsoils  or  spoil  with  the  topsoil  to  obtain  suitable  soil 
conditions  for  revegetation*  Ruffner^®  reports  on  the  research 
conducted  by  the  SGS  to  identify  plants  which  are  best  suited 
for  erosion  control  on  disturbed  land  no  longer  suitable  for 
its  native  vegetation*  While  Konya75  describes  the  Hungarian 
method  known  as  the  Biological  Reactivation  Process  (BR?) 
which  requires  no  special  stripping*  handling*  mixing  or  re¬ 
placement  of  the  top  soil*  In  this  method,  trenches  are  dug 
to  catch  and  hold  all  runoff  so  that  it  has  time  to  complete¬ 
ly  infiltrate  into  the  disturbed  land*  In  addition*  the  soil 
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is  prepared  with  fossil  organic  matters  and  combinations  of 
nitrogen,  phosphate,  and  potassium,  with  micro-elements,  and 
micro-organisms.  Excellent  results  using  this  method  in 
Hungary,  Czechoslovakia,  Libya  and  Russia  have  been  reported, 75 
Suffice  it  to  say,  that  much  research  is  underway  in  finding 
the  best  type  of  vegetation  and  the  best  method  of  soil  prep¬ 
aration,  and  seeding  and  fertilizing  techniques  in  order  to 
provide  maximum  erosion  protection.  No  attempt  was  made  to 
obtain  an  exhaustive  list  of  references  on  this  subject.  The 
list  of  5  references  given  above  fairly  well  covers  the  estab¬ 
lished  methods  and  species.  The  latter  four  references,  brief¬ 
ly  described  above,  are  only  a  sampling  of  the  type  of  research 
being  conducted  and  reported  periodically  in  this  active  re¬ 
search  field. 

In  the  field  of  chemical  soil  stabilizers,  there  is  also 
a  wide  variety  of  products  available.  They  are  referred  to 
as  chemical  binders,  mulches,  or  tacks  and  are  usually  a  la¬ 
tex  emulsion,  plastic  film,  resin-in-water  emulsion  or  simi¬ 
lar  product.  As  indicated  by  their  different  names,  these 
chemical  binders  can  serve  three  different  purposes, ^9 
First,  they  can  be  used  as  a  temporary  soil  stabilizer  for 
areas  waiting  final  grading  or  the  proper  season  for  seeding. 

In  this  use,  the  binder  penetrates  the  soil  and  binds  the  par¬ 
ticles  into  a  cohesive  mass.  Second,  they  can  be  sprayed 
onto  a  seeded  area  and  act  similar  to  mulches.  The  water  and 
air  movement  into  the  soil  is  not  blocked,  and  vegetative 
growth  is  not  hampered,  but  the  soil  and  seeds  are  protected 
against  the  erosive  forces.  Third,  they  can  be  used  to  bind 
organic  or  synthetic  mulches  to  prevent  them  from  being  wash¬ 
ed  or  blown  away. 

The  "Erosion  and  Sediment  Control  Handbook" 70  prepared 
by  the  Department  of  Conservation  of  the  State  of  California, 
lists  several  disadvantages  of  chemical  mulches.  The  chemical 
mulches  are  said  to  form  a  crust  which  reduces  porosity  and 
inhibits  vegetative  growth.  The  crust  can  be  damaged  by 
animals  or  human  traffic  as  well  as  by  frost  heave.  The  hand¬ 
book  illistrates  only  two  usesi  1)  as  a  binder  for  wood  fiber 
mulches  and,  2)  as  a  temporary  means  of  controlling  wind  ero¬ 
sion,  Twelve  different  chemical  products  are  listed  in  its 
tables. 

The  other  three  referencesi  49,  69,  71  found  on  this  sub¬ 
ject,  do  not  indicate  the  disadvantages  listed  in  the  California 
handbook.  In  fact,  many  of  the  products  mentioned  in  these 
3  references  claim  to  maintain  air  and  water  movement  in  the 
soil,  or  reduce  evaporation  losses  and  in  general  aid  rather 
than  hinder  vegetative  growth.  Reference  69  lists  14  chem¬ 
ical  products  with  their  intended  uses,  application  rate, 
description  and  manufacturers  information.  Reference  71  des¬ 
cribes  8  chemical  products  with  the  same  type  of  information, 
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Another  technique  used  to  aid  In  the  development  of  a 
vegetative  cover  is  to  roughen,  scarify,  step,  bench,  serrate 
or  track  the  denude  slopes.  These  methods  differ  only  in  the 
type  of  equipment  used.  Each  method  tends  to  increase  infil¬ 
tration  and  at  the  same  time  provides  small  cracks  or  crevices 
in  which  seeds  can  become  lodged  and  thus  prevented  from  be¬ 
ing  washed  or  blown  away  before  having  a  chance  to  take  root. 

For  a  description  of  these  different  methods,  see  references 
70,  71,  77. 

Control  measures  aimed  at  counteracting  detachment  by 
shearing  action  due  to  flowing  water  will  now  be  reviewed. 
Detachment  by  flowing  water  occurs  both  in  sheet  or  inter- 
rill  erosion  as  well  as  in  rill  and  channel  erosion.  Con¬ 
trol  methods  for  these  different  types  of  erosion  will  be 
looked  at  separately. 

First,  the  methods  aimed  at  controlling  sheet  erosion 
will  be  reviewed.  The  initial  methods  to  be  looked  at  are 
those  which  are  designed  to  prevent  runoff  from  other  areas 
from  passing  over  the  disturbed  land.  Besides  reducing  the 
total  volume  of  water  which  would  be  available  to  cause  par¬ 
ticle  detachment,  these  methods  also  reduce  the  volume  of  water 
which  is  required  by  Federal  law  to  be  passed  through  a  sedi¬ 
ment  pond,  (see  para  8l6,^2  (a)(1)  and  (a)(4)  of  ref.  14) 
Specifically,  the  methods  referred  to  here  are  interceptor 
dikes  and  diversion  ditches.  The  definitions  of  each  of  these 
methods  vary  somewhat  depending  on  the  reference.  However, 
the  concept  of  either  of  these  methods  is  to  prevent  rain¬ 
fall  runoff  from  passing  over  highly  erodible  land.  This  is 
achieved  by  blocking  or  intercepting  the  runoff  by  dikes  or 
ditches  or  a  combination  of  both  and  routing  it  to  a  natural 
waterway  or  stable  area  in  which  erosion  is  not  likely  to  be 
a  problem.  References  showing  diagrams,  and  recommended  de¬ 
sign  are  16,  49,  69,  70,  71,  72,  The  use  of  interceptor  dikes 
and  diversion  ditches  does  not  completely  eliminate  overland 
flow  on  disturbed  land  area.  Rainfall  which  falls  directly 
on  the  disturbed  land  can,  and  in  most  cases  will,  contri¬ 
bute  to  overland  flow.  Diversion  dikes  merely  prevent  run¬ 
off  from  other  areas  from  passing  over  the  disturbed  land 
of  interest. 

Since  it  is  impossible  to  completely  eliminate  runoff  over 
the  disturbed  land,  it  will  be  desirable  to  employ  methods  which 
will  reduce  the  runoff’s  effect.  To  do  this,  two  approaches 
are  possible  1  1)  reduce  the  runoff  volume,  and/or  z)  reduce 
its  velocity.  Vegetative  covers  which  have  already  been  men¬ 
tioned,  achieve  both  of  these.  Vegetation  will  reduce  the 
velocity  of  the  runoff  and  will  also  increase  infiltration 
and  thereby  reduce  the  runoff  volume,  Kao  and  Barfield73 
have  studied  the  hydraulic  properties  of  flow  through 
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artificial  dense  vegetation.  They  report  that  flow  at  non- 
submerged  depths  among  randomly  patterned  vegetation  blades 
result  in  dominate  drag  resistance  forces  which  hinder  the 
flow.  By  reducing  the  velocity,  two  beneficial  effects  are 
achieved!  1)  the  particle  detachment  capability  due  to  shear¬ 
ing  action  is  reduced  due  to  a  reduction  in  shear,  and  2)  the 
runoff  is  allowed  more  time  for  infiltration.  Besides  allow¬ 
ing  more  time  for  infiltration,  the  vegetative  cover  aids 
infiltration  in  two  other  ways.  First,  its  root  system  in¬ 
creases  soil  permissibility®^  and  second,  the  vegetation  pro¬ 
tects  the  surface  against  sealing  caused  by  raindrop  impact, 79 

One  of  the  most  significant  factors  in  erosion  is  the 
slope  of  the  land.  The  fact  that  elope  Itself  is  a  factor 
in  the  USLE  attests  to  its  significance.  By  examining  the 
values  for  the  LS  factors  in  Table  2,  the  sensitivity  of 
erosion  to  the  slope  is  apparent.  Since  the  slope  deter¬ 
mines  the  velocity  of  the  runoff,  it  will  also  affect  the  in¬ 
filtration  rate  which  is  dependent  in  part  on  the  velocity. 

The  slope  therefore  affects  both  the  runoff  volume  as  well 
as  its  velocity,  Hilll2  indicates  that  an  increase  in  slope 
of  from  10^  to  will  double  the  runoff  velocity.  He  rec- 
commends  that  steep  slopes  be  avoided  where  possible  with  a 
maxiraiim  allowable  slope  of  33^ •  Farmer  and  Richardson®^ 
studied  infiltration  rates  and  erosion  of  bare  overburden 
piles  in  surface  mines  in  southeastern  Montana,  They  con¬ 
cluded  that  ",  ,  ,  steep,  tall,  dragline  overburden  piles 
should  be  graded  and  revegetated  as  quickly  as  the  mining 
operation  will  allow,"  Thus  the  second  method  to  reduce  the 
effects  of  surface  runoff  is  simply  to  reduce  the  slopes 
where  possible  as  soon  as  possible. 

Closely  related  to  slope  is  the  length  of  the  slope 
section.  As  can  be  seen  from  Table  5*  "the  factor  is 
proportional  to  the  length.  An  increase  in  the  slope's 
length  increases  the  sediment  yield.  Diversion  ditches  can 
be  used  to  cut  long  drainage  areas  into  several  shorter  ones. 
This  will  effectively  reduce  the  length  and  has  proven  ef¬ 
fective  in  reducing  erosion.  The  runoff  from  the  diversion 
ditches  can  be  directed  to  stable  slopes  or  funneled  into 
orotective  chutes  or  flumes  to  be  transported  safely  off 
the  slope.  The  effectiveness  of  these  diversion  ditches 
has  been  quantified  for  use  in  the  USLS,  See  Reference  l6 
for  control  factors  for  use  in  the  USLS  for  diversion  ditch¬ 
es. 


A  somewhat  similar  technique,  explained  in  detail  by 
Noblest  is  referred  to  as  contour  trenching.  This  method  is 
similar  in  that  it  involves  trenches  or  ditches  which  run 
perpendicular  to  the  grade.  It  differs  in  purpose  from  di¬ 
version  ditches  in  that  it  holds  the  runoff  on  the  slope  so 
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that  it  has  sufficient  time  to  completely  infiltrate.  Thus 
zero  runoff  is  expected  from  the  slope.  Contour  trenches 
will  normally  be  found  much  closer  together  than  diversion 
ditches.  Also,  check  dams  or  baffles  will  be  constructed 
across  the  trenches  at  intervals  of  about  35  feet.  Again, 
the  piiTpose  is  not  to  safely  route  the  runoff  off  the  slope 
but  to  cause  it  to  infiltrate  in  totality. 

Another  method  kno^  as  impoundment  terraces  has  been 
shown  by  Alberto  et  al.°2  to  be  extremely  effective  in  re¬ 
ducing  runoff  and  soil  loss.  It  differs  from  contour  trench¬ 
ing  in  that  the  water  is  held  on  terraces  instead  of  in  trenches, 
and  the  water  is  drained  through  stand-pipes  to  underground 
drains  instead  of  infiltrating  through  the  soil.  As  such, 
the  terraces  act  as  sediment  ponds  which  will  be  discussed 
in  detail  in  Chapter  IV,  The  reader  interested  in  impound¬ 
ment  terraces  is  referred  to  an  article  by  Laflen  et  al,83 
titled,  "Sedimentation  Modeling  of  Impoundment  Terraces." 

Due  to  expense,  this  method  is  more  applicable  to  agricul¬ 
tural  lands  than  to  surface  mined  areas. 

A  structxire  designed  to  guard  against  sheet  erosion  be¬ 
coming  rill  and  gully  erosion  due  to  concentrated  overland 
flow  is  known  as  a  level  spreader.  Level  spreaders  are  de¬ 
fined  by  the  EPA  ^9  as,  "...  outlets  constructed  at  zero 
grade  across  a  slope  where  concentrated  runoff  may  be  spread 
at  nonerosive  velocities,  in  the  form  of  sheet  flow,  over 
undisturbed  areas  stabilized  by  existing  vegetation,"  The 
concept  is  to  reduce  the  erosive  power  of  the  runoff  by  re¬ 
ducing  its  velocity. 

Thus  far,  techniques  designed  to  protect  against  par¬ 
ticle  detachment  in  interrill  erosion  have  been  reviewed. 

Now  attention  will  be  directed  toward  rill  and  channel  ero¬ 
sion.  In  these  types  of  erosion,  detachment  by  raindrop  im¬ 
pact  is  of  no  concern  since  the  raindrop  hits  the  water  sur¬ 
face  and  not  the  erodible  surfaces.  Only  detachment  due  to 
the  shearing  action  of  the  flowing  water  is  applicable. 

Rills  occur  in  sheet  erosion  when  the  runoff  becomes 
concentrated  over  a  particular  path.  The  flowing  water  erodes 
a  small  path  making  it  capable  of  carrying  more  runoff  and 
having  an  increased  gradient.  Gradually  more  and  more  water 
flows  through  it  at  increasing  velocities.  Erosion  in¬ 
creases  and  the  rill  grows  in  size  and  eventually  becomes  a 
gully.  To  avoid  the  formation  of  rills,  a  good  vegetative 
cover  is  necessary  and  concentrated  flows  must  be  avoided. 

One  method  to  do  this  is  by  using  level  spreaders  as  men¬ 
tioned  above.  Sometimes  however,  rill  erosion  will  occur  in 
ditches  or  swales  designed  to  carry  concentrated  flows.  In 
zhese  cases  "erosion  checks"  may  be  employed.  Erosion  checks 
are  a  porous  mat-like  material  that  are  placed  vertically  in 
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a  trench  that  runs  across  the  width  of  the  ditch  or  swale. 

The  trench  is  back  filled  and  the  porous  material  is  cut 
flush  with  the  surface.  This  membrane  allows  the  passage  of 
subsurface  water,  but  holds  soil  particles  in  placet  thus 
preventing  the  formation  of  rills.  Erosion  checks  can  also 
be  used  on  critical  slopes.  The  reader  is  referred  to  ref¬ 
erences  49,  70,  71  for  construction  specifications  and  coat 
estimates. 

Channels,  unlike  rills  and  gullies,  are  sometimes  man¬ 
made.  Whether  they  occur  ir  natvure  or  are  constructed  by 
man.  they  serve  a  purpose  of  transporting  large  volumes  of 
water.  The  objective  then  is  to  protect  the  channel  bed 
and  banks  from  being  eroded.  Again  there  are  two  approaches  1 

1)  reduce  the  erosive  powers  by  reducing  the  velocity,  and/or 

2)  protect  the  channel  by  lining  it. 

Velocities  in  channels  can  be  reduced  by  decreasing 
the  hydraulic  gradient  which  is  accomplished  by  emplacing 
grade  control  structures  called  check  dams  across  the  chan¬ 
nel.  For  design  criteria  see  references  49.  69.  70.  71.  72. 

Velocities  can  also  be  reduced  by  dissipating  energy  by 
placing  obstructions  or  baffles  in  the  channel.  Also,  rough 
channel  linings  such  as  vegetation  and  riprap,  besides  shield¬ 
ing  the  channel,  will  retard  flow  and  decrease  velocities. 
There  are  many  materials  which  have  been  used  to  line  channels 
They  vary  from  mats  made  of  old  rubber  tires  to  gabions  to 
sophisticated  and  expensive  concrete  linings.  Fvirther  detail 
into  the  many  aspects  and  factors  concerning  channel  lining 
will  not  be  presented  here.  Normally  the  largest  channel  flow 
to  be  encountered  in  surface  mining  will  be  diversion  ditches 
which  will  normally  have  vegetative  linings.  For  the  interest 
ed  reader,  further  information  about  channel  lining  can  be  ob¬ 
tained  from  references  49.  70.  71.  72, 

Another  concern  is  to  be  able  to  drain  collected  runoff 
safely  down  the  face  of  a  slope.  This  is  done  with  concrete 
or  riprap  lined  chutes  or  flumes,  flexible  downdrains.  or 
sectional  downdrains.  Illustrations  for  each  of  these  can 
be  found  in  references  49.  69*  70.  71 »  72, 

Thus  far  control  measures  have  been  discussed  as  means 
to  counteract  the  detachment  process  of  erosion.  As  will  be 
remembered  from  Chapter  II .  the  other  process  of  erosion  is 
transport.  If  more  particles  are  detached  than  can  be  trans¬ 
ported.  then  the  sediment  yield  will  be  governed  by  the  trans¬ 
port  process.  If,  on  the  other  hand,  there  exists  a  larger 
capacity  for  transporting  particles  than  there  is  for  detach¬ 
ing  them,  the  sediment  yieid  will  be  governed  by  the  detach¬ 
ment  process.  It  is  therefore  important  to  know  how  to  con- 
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trol  both  the  detachment  and  the  transport  processes  of  ero¬ 
sion. 


The  methods  to  control  the  transport  process  are  the 
same  as  many  of  the  methods  available  to  control  the  detach¬ 
ment  process.  The  transport  process,  similar  to  the  detach¬ 
ment  process  can  be  subdivided  into  two  typesi  1)  transport 
by  raindrop  splash,  and  2)  transport  by  rainfall  runoff.  The 
most  significant  type,  or  one  responsible  for  transporting 
most  of  the  sediment  is  the  second. 

Transport  by  raindrop  splash  was  discussed  in  the  Ero¬ 
sion  section  of  Chapter  II.  It  was  mentioned  there  that 
raindrop  splash  as  a  transport  process  only  occurs  on  slopes. 
The  steeper  the  slope,  the  greater  the  net  transport  in  the 
down  slope  direction.  Figure  5  is  helpful  in  visualizing 
this  phenomenon.  To  control  this  process,  the  steepness  of 
the  slope  needs  to  be  reduced.  This  control  measure,  it  will 
be  remembered,  was  also  used  to  reduce  overland  flow  velocities 
both  to  reduce  its  erosive  effect  and  to  increase  infiltration 
and  thereby  reducing  the  runoff  volume. 

Mills  and  Clar®^  talk  about  flow  characteristics  in 
their  paper  on  erosion  and  sediment  control  for  surface  mines. 
They  state,  "As  velocity  and  tiirbulence  increase,  the  water 
is  able  to  transport  more  sediment.  Conversely,  as  velocity 
and  turbulence  decrease,  the  water  has  less  potential  for 
transporting  sediment  and  deposition  of  soil  particles  occurs." 
This  is  then  the  basis  for  controlling  the  transport  process 
due  to  runoff.  Runoff  velocities  must  be  prevented  from  be¬ 
coming  sufficiently  large  to  be  able  to  pick  up  and  carry 
large  quantities  of  sediment.  In  addition,  runoff  already 
carrying  sediment  must  be  slowed  down  in  order  that  its  sedi¬ 
ment  load  be  deposited.  Technically,  methods  to  prevent  high 
velocities  are  erosion  control  while  the  methods  to  reduce 
velocity  to  cause  depostion  should  be  considered  sediment 
control.  The  methods  mentioned  above  that  reduce  runoff 
volume  by  diversion  or  infiltration,  or  reduce  velocities  by 
reduction  of  hydraulic  gradients  or  dissipation  of  energy 
will  serve  also  to  control  the  transport  process.  No  separate 
methods  are  available  solely  for  the  control  of  the  transport 
process. 

This  concludes  the  discussion  of  erosion  control.  It 
must  be  kept  in  mind  that  even  if  the  best  erosion  control 
plan  is  used,  it  is  almost  certain  that  some  erosion  will 
take  place.  In  many  cases,  the  best  erosion  plan  will  not  be 
used  due  to  time,  cost,  convenience  or  some  other  factor. 

In  these  cases,  considerable  erosion  is  likely  to  occur.  In 
either  case  when  the  erosion  occurs  at  sufficient  rates  such 
that  water  quality  standards  are  not  met  a  "second  line  of 
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defense"  is  required.  This  is  known  as  sediment  control  and 
refers  to  handling  or  controlling  sediment  which  has  al¬ 
ready  been  eroded. 


Figure  5»  Downhill  Transport  of  Soil  Particles  by  Splash 
(taken  from  Linsley  et  al.18) 


SEDIMENT  CONTROL 


Sediment  control  involves  either  settling  or  filtering 
the  sediment.  Settling  is  normally  done  on  a  large  scale 
such  as  in  sediment  ponds  which  will  be  discussed  in  detail 
in  the  next  chapter.  However,  the  settling  phenomenon  is  al¬ 
so  employed  on  a  smaller  scale  in  sediment  traps.  Check  dams 
act  as  sediment  traps  and  remove  the  larger  sediment  par¬ 
ticles.  although  this  is  not  always  their  primary  purpose. 
Other  types  of  sediment  traps  includes  sandbag  or  straw  bale 
barriers,  log  and  pole  structures  and  small  excavated  pits. 
The  principles  involved  are  the  same  for  each  type,  namely 
the  structure  reduces  the  velocity  and  turbulence  allowing 
particles  to  settle  prior  to  the  flow  passing  over  or  through 
the  structure.  The  retention  tine  is  short  and  therefore 
only  the  large  particles  are  trapped.  Sediment  traps  are 
sometimes  used  at  the  entrance  of  sediment  ponds  to  trap  the 
larger  particles  before  they  reach  the  pond  and  thereby  in¬ 
crease  the  life  of  the  pond  or  reduce  the  frequency  of  clean 
outs.  For  more  information  on  the  use,  construction  and  cost 
of  sediment  traps,  the  reader  is  referred  to  references  2?. 
^9,  69,  70.  71,  72. 

Filtering  can  be  used  either  for  pond  influent  or  pond 
effluent.  Filtering  can  also  be  employed  elsewhere  besides 
in  conjunction  with  sediment  ponds.  Two  such  examples  are 
filter  berms  and  filter  inlets.  Filter  berms  are  temporary 
berms  of  crushed  rock  or  gravel  placed  across  a  graded  right- 
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of -way  to  retain  runoff  while  allowing  traffic  to  proceed  a- 
long  the  right-of-way.  Filter  berms  can  be  effectively  used 
on  haul  roads.  For  more  details  on  cost  and  construction, 
the  reader  is  referred  to  references  49,  70,  71, 

Filter  inlets  usually  consist  of  straw  bales  placed  a- 
round  storm  sewer  inlets  around  construction  sites.  These 
are  not  particularly  applicable  to  surface  mining  operations. 

Filters  used  in  conjunction  with  sediment  ponds  in¬ 
clude  straw  bales,  silt  fences  and  vegetative  filters.  The 
straw  bales  and  silt  fences  are  normally  used  at  the  pond 
inlet  to  remove  larger  particles.  For  more  details  see  refer¬ 
ence  27,  Grass  filters,  when  employed,  are  normally  used  as 
a  final  polish  for  pond  effluent. 

Much  research  is  being  done  with  vegetation  for  use  as 
filters  in  sediment  control.  The  principle  behind  its  use 
is  that  the  grass  blades  hinder  the  flow  due  to  the  in¬ 
crease  in  drag  resistance.  As  the  velocity  is  reduced,  sed¬ 
iment  is  deposited.  One  of  the  most  pertinent  problems  with 
grass  filters  is  to-find  a  grass  which  can  survive  inun¬ 
dation.  Kao  et  al.°9  suggests  a  possible  solution  to  this 
problem  would  be  to  ".  .  .  alternate  patterns  of  open  area 
with  vegetated  area  .  .  .  Preliminary  tests  show  this  may 
well  be  a  solution  to  the  inundation  problems."  Some  of  the 
most  recent  research  in  this  area  has  been  done  by  Barfield 
and  Kao  at  the  University  of  Kentucky.  The  interested  read¬ 
er  is  referred  to  their  publications  referenced  85,  86,  87, 

88,  89.  For  guidelines  on  the  application  of  vegetation  as 
a  filter,  see  references  27  and  70. 
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CHAPTER  IV 


DESIGN  OF  SEDIMENTATION  PONDS 


INTRODUCTION 


This  chapter  will  review  in  detail  the  "State  of  the  Art" 
of  the  design  criteria  for  sediment  ponds  for  surface  mined 
areas.  The  different  types  of  ponds  will  be  presented  first. 
This  will  be  followed  by  a  discussion  of  the  operating  and 
close  down  procedures  along  with  frequently  experienced  pro¬ 
blems.  Finally,  each  of  the  design  considerations  will  be 
reviewed  separately. 

The  use  of  sediment  basins  to  remove  solid  particles  from 
water  is  not  a  new  technique.  The  study  of  settling  to  re¬ 
move  sediment  from  water  can  be  traced  as  far  back  as  190^ 
when  Hazen90  published  his  article,  "On  Sedimentation." 

Since  that  time,  sediment  basins  have  been  used  as  one  of  the 
first  processes  in  water  and  sewage  treatment  plants.  Sedi¬ 
ment  ponds  have  also  been  used  extensively  on  farm  lands  and 
in  irrigation  systems.  The  coal  industry  has  used  sediment 
ponds  called  slurry  ponds  to  remove  the  fine  refuse,  which  re¬ 
sults  from  the  washing  and  processing  of  coal,  prior  to  dis¬ 
charging  or  recycling  the  water.  And  most  recently,  the  con¬ 
struction  industry  has  employed  sediment  ponds  to  control 
sediment  which  is  eroded  from  construction  sites.  Many  of 
the  techniques  and  design  criteria  to  be  presented  below 
are  a  result  in  part  or  whole  from  the  long  experience  in 
the  settling  process  by  the  disciplines  mentioned  above.  Al¬ 
though  each  discipline  has  requirements  and  conditions  uni¬ 
que  to  its  own  interest,  there  are  similarities  about  the  sedi¬ 
ment  process  applicable  to  each.  Thus  experience  gained  in 
one  discipline  should  be  used  for  the  benefit  of  all  when  pos¬ 
sible. 


TYPES  OF  PONDS 


In  the  EPA  publication.  Environmental  Protection  In  Sur¬ 
face  Mining  of  Coal.oo  a  distinction  is  made  between  pri¬ 
mary  and  secondary  ponds.  Primary  ponds  are  larger  and  are 
constructed  for  the  purpose  of  removing  sediment  by  settling. 
These  are  the  subject  matter  of  this  chapter.  Secondary  ponds 
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are  of  a  smaller  size  usually  resulting  from  the  construc¬ 
tion  of  check  dams  or  log  and  pole  structures  as  mentioned 
in  Chapter  III,  The  purpose  of  constructing  secondary  sedi¬ 
ment  ponds  is  to  trap  the  larger  particles  prior  to  their 
entering  the  primary  sediment  pond.  This  will  save  the  sedi¬ 
ment  storage  space  of  the  primary  pond  and  prolong  its  life. 

The  large  sediment  particles  trapped  in  the  secondary  pond 
can  more  easily  and  economically  he  removed  there  then  from 
the  large  primary  pond, 

Skelly  and  Loy^^  categorize  sediment  ponds  by  the  type 
of  construction! 

1)  excavated, 

2)  sediment  dam,  excavated, 

3)  embankment  dam. 

The  EPA  distinguishes  another  type  which  they  refer  to  as  a 
“leaky  dam,"«8 

Excavated  sediment  ponds  are  constructed  by  digging  a 
pit  or  sump  with  a  backhoe  or  dozer.  There  are  no  designed 
inlet  or  outlet  structures  and  thus  construction  is  easy 
and  inexpensive.  These  ponds  are  limited  to  small  drainage 
areas  or  relatively  flat  areas. 

The  sediment  dam,  excavated  type  sediment  pond  as  its 
name  implies  has  a  constructed  embankment  to  increase  the 
capacity  of  the  excavation.  The  outlet  consists  of  a  chan¬ 
nel  through  the  embankment. 

The  embankment  dam  sediment  pond  differs  from  the  sedi¬ 
ment  dam,  excavated  type  in  that  its  principal  spillway  con¬ 
sists  of  a  pipe  and  riser  barrel  and  it  has  an  emergency  spill¬ 
way  which  is  excavated  in  the  natural  ground,  (ie,  not  in  the 
fill  embankment)  This  type  of  pond  has  the  largest  storage 
capacity  of  the  three  mentioned. 

The  leaky  dam  sediment  pond  is  so  named  due  to  the  rock- 
french-drain-  type  embankment  structure  which  temporarily  stops 
the  runoff  water.  The  pond  empties  as  water  trickles  through 
the  embankment,  "It  has  been  used  very  successfully  on  small 
watersheds  of  less  than  150  acres  (60  hectares)  and  on  larger 
areas  in  combination  with  earth  embankment  to  catch  initial 
sediment  loads, "68 

Sediment  ponds  may  also  be  classified  by  whether  they 
are  located  on  or  off  streams.  For  off-stream  sediment  ponds, 
the  runoff  from  the  disturbed  area  is  routed  through  a 
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sediment  pond  prior  to  reaching  the  stream.  For  on-stream 
sediment  ponds,  the  whole  stream  passes  through  the  sedi¬ 
ment  pond  which  is  built  across  the  existing  stream.  On¬ 
stream  sediment  ponds  have  base  flows  where  off-stream  ponds 
do  not.  Generally  off-stream  ponds  are  preferable  due  to 
ease  in  clean  out  and  close  down  procedxures.  These  will  be 
discussed  in  more  detail  in  the  next  section  of  this  chapter. 

In  a  report  published  by  Hittman  Associates,  Inc, 37  for 
the  EPA,  it  is  recommended  that  off-stream  or  off-drainage 
ponds  be  constructed  whenever  possible.  It  should  be  noted 
however,  that  the  off-stream  ponds  reviewed  for  that  report 
were  built  such  that  the  runoff  did  not  flow  directly  into 
the  pond.  The  runoff  first  flowed  into  a  pit  area  from 
where  it  was  then  pumped  into  the  sediment  pond.  The  pit 
area  acted  as  an  initial  settling  pond,  and  since  the  in¬ 
fluent  was  pumped  into  the  primary  pond,  its  rate  could 
be  controlled  and  kept  fairly  constant.  Both  of  these  fac¬ 
tors  no  doubt  were  partly  responsible  for  the  higher  effluent 
quality  observed  from  these  off-channel  ponds.  All  off-chan- 
nel  ponds  reported  in  the  literature  do  not  have  this  ad¬ 
vantage.  Most  receive  runoff  water  directly  from  the  dis¬ 
turbed  area  and  therefore  flow  rates  are  not  steady. 

Finally  sediment  ponds  can  be  divided  into  one  of  two 
groups t  1)  permanent  pool  ponds,  or  2)  dry  ponds. 

Permanent  pool  ponds  are  those  which  will  maintain  a  cer¬ 
tain  level  of  water  at  all  times.  These  can  be  either  on  or 
off-channel  ponds.  On-channel  ponds  will  always  have  some 
water,  and  therefore  will  be  permanent  pool  ponds,  Off-chan- 
nel  ponds  can  be  either  permanent  pool  or  dry  ponds  depending 
on  their  outlet  design.  Generally,  permanent  pool  ponds  are 
preferred  since  they  provide  a  longer  detention  time  and 
problems  of  resuspension  are  not  as  great. 


FREQUENTLY  ENCOUNTERED  PROBLEMS /OPERATING  PROCEDURES 


The  frequently  encountered  problems  and  cleaning  and 
closedown  procedures  will  be  covered  now  since  a  knowledge 
of  them  will  be  useful  when  discussing  design  criteria  and 
considerations  later. 

One  of  the  most  common  problems  which  occurs  in  sedi¬ 
ment  ponds  is  short  circuiting.  Short  circuiting  occurs 
when  the  water  flowing  through  the  pond  takes  a  "short  cut" 
as  it  travels  from  the  inlet  to  the  outlet  and  by-passes 
a  substantial  volume  of  pond  storage  space.  Dead  spaces  of 
stagnant  water  are  thus  created  which  are  by-passed  by  the 
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water  flowing  through  the  pond.  Where  short  circuiting  is 
severe,  large  areas  of  dead  space  are  created  which  are  vir¬ 
tually  useless  in  terms  of  improving  water  quality.  Short 
circuiting  reduces  detention  time  since  the  travel  distance 
between  the  inlet  and  outlet  has  been  reduced.  Ideally,  a 
pond  should  operate  under  conditions  known  as  plug  flow. 

That  is  where  the  first  water  (or  plug  of  water)  to  enter 
the  pond  would  be  the  first  water  (or  plug  of  water)  to 
leave  the  pond.  In  this  manner,  longer  average  detention 
times  would  be  experienced  by  all  the  water  passing  through 
the  pond,  and  no  section  of  water  would  become  permanently 
trapped  in  the  pond.  Plug  flow  is  an  ideal  condition  which 
never  occurs  in  practice.  Sometimes  the  first  water  in  from 
a  new  runoff  event  will  mix  with  the  permanent  pool  water  in¬ 
stead  of  forcing  it  out.  Other  times  the  two  water  bodies 
may  not  mix  at  all  due  to  density  differences  and  the  newly 
arriving  water  will  by-pass  or  skim  over  the  permanent  pool 
and  be  the  first  discharged.  In  this  case,  the  detention 
time  is  much  less  than  would  be  expected  for  the  volume  of 
sediment  pond.  Consequently,  sufficient  settling  time  is 
not  achieved  and  the  effluent  quality  is  less  than  expected. 


Short  circuiting  can  result  from  high  inlet  and/or  out¬ 
let  velocities,  close  proximity  of  inlet  and  outlet  structures 
to  one  another,  basin  geometry,  and  density  differences  be¬ 
tween  the  influent  and  permanent  pool.  Density  differences 
can  be  due  to  temperature  differences  as  well  as  salt  or  sedi¬ 
ment  concentration  differences. 

Short  circuiting  is  undesirable  because  it  causes  in¬ 
effective  use  of  the  pond  volume  and  produces  an  effluent 
of  lower  quality  than  expected.  S kelly  and  Loy*?  present  a 
short-circuiting  correction  factor  for  the  surface  loading 
rate  equation*  An  explanation  of  the  equation  without  the 
correction  factor  will  be  presented  in  the  section  on  pond 
size,  (see  Eq.  5)  The  modified  version  is  as  follows i 


Where t  A  =  Design  surface  area 
Q  *  Flow 

Vg  *  Design  settling  velocity 
Pgg  s  Short  circuiting  factor 
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Table  3  below  gives  the  suggested  values  for  the  short- 
circuiting  factors  for  different  shaped  ponds. 


TABLE  3.  SHORT  CIRCUITING  FACTORS 

FOR  SETTLING  TANKS  (taken  from  Skelly 

and  Loy27) 


Short  Circuiting 

Type  of  Tank  Factor  (Fg,.) 

Radial-flow  circular  1,2 

Wide  rectangular  (length  =  2,4  x  width)  1,18 

Narrow  rectangular  (length  =  17  x  width)  1,11 

Baffled  mixing  chamber  (length  =  528  x  width)  1,01 
Ideal  basin  1,0 


Kathuria  et  al,37  show  a  similar  table  and  describe  the 
short-circuiting  factor  as  a  reciprocal  of  ta/T,  Where 
•ta"  is  the  probable  flow-through  time  of  the  water  through 
the  pond  I  and  "T"  is  the  theoretical  detention  time.  The 
sections  on  pond  shape,  inlet  and  outlet  structures  and  baf¬ 
fles  will  all  address  the  short-circuiting  problems. 

Another  problem  which  frequently  is  experienced  in 
sediment  ponds  is  scour  and  resuspension  which  occurs  when 
the  horizontal  velocity  of  the  runoff  passing  through  a  sedi¬ 
ment  pond  is  sufficient  to  cause  previously  deposited  sedi¬ 
ment  to  be  picked  up  and  carried  out  of  the  pond  by  the  ef¬ 
fluent,  Cases  of  severe  scour  have  been  reported  where  the 
sediment  concentration  of  the  effluent  is  greater  than  the 
influent. 

To  prevent  scour,  it  is  necessary  to  keep  the  horizon¬ 
tal  velocity  through  the  basin  below  the  critical  velocity 
required  to  cause  scour.  This  velocity,  called  the  scour 
velocity,  is  defined  by  Kathuria  et  al,37  as  follows  1 


Where •  v^  =  scour  velocity,  cm/sec, 

B  =  ,04  for  unigranular  sand 

2  ,06  for  sticky,  interlocking  material 

F  *  .02  to  .03,  friction  factor 
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g  a  acceleration  due  to  gravity,  cm/sec. ^ 
Sg  a  specific  gravity  of  the  particle 
0  a  diameter  of  a  spherical  particle,  cm 


Ingersoll  et  al,91  suggest  that  to  avoid  scour  the  forward 
velocity  be  limited,  as  a  rule  of  thumb,  to  between  9  ^nd 
15  times  the  critical  settling  velocity. 

Methods  will  be  discussed  in  the  following  sections 
which  are  used  to  dissipate  energy  and  reduce  velocities 
so  as  to  prevent  scour.  Additionally,  scour  will  become 
a  greater  problem  when  the  elevation  of  the  deposited  sedi¬ 
ment  nears  the  outlet  structure  opening.  To  prevent  ser¬ 
ious  scour  problems  when  this  happens,  it  is  necessary  to 
remove  the  sediment  from  the  pond.  Nawrocki92  reports  from 
hia  study  of  sediment  pond  effectiveness  that,  "...  re- 
auspension  of  settled  sediment  was  rarely  observed  in  ponds 
where  the  water  depth  was  greater  than  approximately  1  meter 
(3.3  ft.)." 

Turbulence  within  the  pond  will  reduce  sediment  re¬ 
moval  efficiency.  Murray93  reports  that,  "The  average  set¬ 
tling  velocity  of  a  particle  in  tvirbulent  water  can  be  con¬ 
siderably  reduced  below  its  terminal  settling  velocity  in 
still  water."  Inlet  and  outlet  structure  design  are  prob¬ 
ably  the  most  important  factors  in  reducing  turbulence  with¬ 
in  the  pond. 

As  stated  above,  cleaning  out  of  accumulated  sediment 
deposits  will  be  an  important  factor  in  maintaining  pond 
efHciency.  In  the  section  on  pond  size,  which  will  follow, 
government  regulations  will  be  discussed  which  will  require 
that  sediment  deposits  be  removed  when  the  original  sediment 
storage  volume  has  been  reduced  by  a  specified  percent.  Sedi¬ 
ment  can  be  removed  from  ponds  by  draglines  or  if  the  ponds 
are  dry,  by  front  end  loaders  or  dozers.  Smaller  ponds  in 
series  may  require  more  frequent  cleaning,  but  will  generally 
be  easier  to  drain  to  facilitate  cleaning.  In  addition,  gen¬ 
erally  only  the  first  pond  which  traps  the  larger  particles 
will  require  cleaning.  Off-channel  ponds  which  have  no  base 
flow  will  likewise  be  able  to  be  easily  drained.  In-channel 
ponds  are  likely  to  have  a  continuous  base  flow  and  care  must 
be  exercised  so  that  sediment  stirred  up  during  cleanout  op¬ 
erations  is  not  washed  down  stream  in  the  base  flow.  Thus 
clean  out  procedures  are  an  important  consideration  when  de¬ 
termining  location,  type,  size,  and  number  of  ponds. 

Unless  approved  by  the  regulatory  agency,  all  ponds  will 
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need  to  be  removed  once  the  disturbed  area  has  been  restored 
and  influent  quality  meets  the  required  standards.  Pond  re¬ 
moval  requires  special  care  also.  Especially  in  the  case  of 
in-stream  ponds,  care  must  be  exercised  such  that  deposited 
sediment  is  not  allowed  to  be  washed  down  stream.  The  rela¬ 
tive  ease  in  closing  down  off -channel  ponds  is  a  big  factor 
which  favors  their  selection  in  favor  of  in-channel  ponds. 


DESIGN  CRITERIA  AND  CONSIDERATIONS 


Each  of  the  aspects  of  pond  design  will  now  be  re¬ 
viewed  in  the  light  of  the  frequently  experienced  problems, 
clean  out  and  close  down  procedures  just  mentioned.  New 
methods  and  techniques,  as  reported  in  the  literature,  as 
well  as  the  commonly  used  practices,  will  be  presented.  It 
is  felt  that  this  material  comprises  the  current  State  of  the 
Art  for  sediment  pond  design  for  use  on  surface  mined  land. 


POND  SIZE 


Ponds  must  be  designed  to  handle  both  the  hydraulic 
load  and  the  sediment  load.  In  design!^  for  the  hydrau¬ 
lic  load  the  concern  is  that  the  pond  will  be  physically 
large  enough  to  pass  the  design  storm  without  causing  the 
dam  or  embankment  to  fail.  The  Office  of  Surface  Miningl^ 

(OSM)  specifies  by  regulation  the  design  storm  to  be  a  25- 
year,  24-hour  event  unless  the  embankment  dam  is  greater  than 
20  feet  (6.09  m) ,  or  the  storage  volume  is  greater  than 
20  acre-ft.  (1233.48  cu.  m).  If  either  of  these  limits  are 
exceeded,  the  design  storm  will  be  a  lOO-year,  24-ho\ir  event. 
In  either  case,  the  principal  and  emergency  spillways  must 
be  capable  of  safely  passing  the  design  storm. 

The  method  for  asstiring  that  a  pond  or  reservoir  can 
safely  pass  a  particular  storm  is  known  as  reservoir  rout¬ 
ing,  The  mechanics  for  reservoir  routing  are  well  establish¬ 
ed.  For  reservoir  routing,  it  will  first  be  necessary  to  se¬ 
lect  or  synthesize  a  design  hyetograph  as  mentioned  in 
Chapter  II,  From  this,  the  inflow  hydrograph  is  developed. 
Other  required  information  is  the  stage-volume  curve  and  tne 
outlet's  hydraulic  characteristics.  The  compiling  of  all 
of  this  required  information  is  straight  forward  with  the  ex¬ 
ception  of  the  design  hyetograph  and  hydrograph.  Two  gener¬ 
al  methods  exist  for  obtaining  design  hyetographs,  (see  Chap¬ 
ter  II)  and  it  is  speculative  as  to  which  is  the  best  approach. 
Several  methods  also  exist  for  obtaining  the  hydrographs. 
Reasonable  results  are  obtained  from  all  methods  mentioned  in 
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Chapter  II.  The  selection  of  the  specific  method  is  left 
to  the  discretion  of  the  design  engineer. 

In  determining  the  size  of  ponds  to  meet  the  sediment 
load  requirement,  two  criteria  are  normally  specified  by 
regulations!  1)  sediment  storage  requirements,  and  2)  volume 
sufficient  to  yield  the  specified  detention  time.  The  sedi¬ 
ment  storage  volume,  sometimes  referred  to  as  the  perman¬ 
ent  pool  storage,  is  the  estimated  storage  volume  required  to 
hold  the  trapped  sediment.  As  sediment  is  trapped,  it  settles 
and  accumulates  at  the  bottom  of  the  pond.  Thus  the  total 
volvune  of  the  pond  decreases  with  time.  As  the  volume  de¬ 
creases,  so  does  the  detention  time  and  trap  efficiency. 

Once  the  volume  occupied  by  the  trapped  sediment  becomes 
larger  than  the  design  sediment  storage  volume,  the  trap  ef¬ 
ficiency  will  become  adversely  affected.  For  proper  opera¬ 
tion,  the  pond  will  need  to  be  cleaned  out  at  this  point. 

Ponds  are  either  designed  to  store  the  total  amount  of 
trapped  sediment  expected  for  the  life  span  of  the  pond,  or 
they  are  designed  for  periodic  cleaning.  Sediment  yield, 
trap  efficiency  and  storage  volume  will  determine  the  fre¬ 
quency  of  cleaning.  The  larger  the  sediment  storage  voliane 
is,  the  less  frequently  cleaning  will  be  required.  However, 
larger  storage  volumes  usually  increase  construction  costsi 
therefore,  construction  costs  and  cleaning  costs  will  need  to 
be  weighed  against  each  other. 

Minimum  storage  requirements  are  usually  set  by  regu¬ 
latory  agencies  or  recommended  as  local  guidelines.  These 
recommended  guidelines  or  minimiom  requirements  vary  among 
the  states.  OSM  has  also  set  minimum  requirements  which 
state  regulations  must  meet  or  exceed.  Summarized  in  Tabled 
is  a  sampling  of  some  of  the  existing  regulations  and  guide¬ 
lines. 

Sediment  storage  requirements  are  normally  expressed  in 
one  of  two  ways.  They  can  be  expressed  as  a  specified  volume 
per  each  arce  of  either  disturbed  or  drained  land,  (i,e. 

1.5  m3/ha  disturbed,  or  1,25  ra3/H.a  drained)  Another  method 
of  expressing  sediment  volume  is  to  specify  that  the  storage 
volume  must  be  sufficient  to  hold  the  expected  accumulation 
of  sediment  over  a  specified  time  period,  (i,e.  the  storage 
volume  must  be  sufficient  to  hold  the  expected  sediment 
yield  over  a  3-year  period)  Normally  the  means  of  calculating 
the  expected  sediment  yield  is  also  specified  when  this  meth¬ 
od  of  specifing  storage  volume  is  used. 


-60- 


Table  4.  Sediment  Storage  Volumes 


Ac«ney/Stat« 

Crltaria 

Raaarka 

om'**'  • 

AceuBulativa  oadlBAnt  voXuaa  froa 
dFAinacA  ATAA  for  a  alnlBUB  of  3 

yAAFA^ 

OF 

•1  acFA-feot  for  aach  aera  (304.8B3/ha) 
of  dlAturbad  araa 

or 

•035  acFA-foot  for  aach  acra  (106«7B3/ha) 
of  dlaturbad  araa  if  oparator  daaonatrataa 
that  aadlaant  raaoval  by  othar  aathoda 
aquala  tha  raduetlon  of  aadlaant  atoraga 
voluaa 

a-  Publlahad  March  1979 

Accunulatlca  sadlnant 
voluna  la  to  ba  datar- 
■Inad  by  USLE 

iKDA,  SCS’^ 

Celuabut*  Ohlo^ 

200  cubic  yarda/acra  (377«8a3/ha)  of 
dlaturbad  land^ 

Claan  out  raqulrad  whan  daalgn  capacity 
reduead  by  6oK 

c-  Publlahad  Juna  1976 

d-  Standarda  ara  for  tan- 
porary  aadlaant  pond,  daa 
halght  sJ25ft,  (7a62B), 
total  Tolusa  si 50  acra- 
faat  <la6  X  10^3).  drain- 
araa  100  acraa  (40d47ha) 
(for  urban  araaa) 

a-  Source  docviaant  publlahad 
August  1976 

f-  Total  atoraga-to  crest  of 

■Uryland^*  * 

•5  Inchaa/aera  (3»13Bca/ha)  drainad^ 

•2  Inehaa/acra  (l«255ca/ha)  dralnadS 

Kentucky  37 

•2  acra-faat/acra  (609»5a3/ha)  dlaturbad 

•••t  Vlr*lnlm37 

•125  acra-faat/acra  (15«38b3)  dlaturbad 
Claan  out  raqulrad  whan  daalgn  capacity 
la  raducad  by 

aaargancy  spillway,  or 
pipe  spillway  If  there  la 
no  aBarganey  spillway 

g-  To  ba  claanad  whan  stor¬ 
age  capacity  drops  below 

Fvimsylvani  A  37 

V  •  (AIC)  ♦  (AIC/3) 

V  ■  Voluaat  cubic  faat 

A  a  Araa  dralnad 

Z  a  Rainfall/24  houra 

C  a  Runoff  conatant  a  <  of  rainfall  not 
abaorbad  by  aolla 

•2  Inchas/aera  (1.2cB/3ia) 

h-  This  is  strictly  sadlaant 
▼oluBA  storage,  addition¬ 
al  1*5  faat  (.Ada)  Blnl- 
BUB  settling  woluae  rac- 
oBBandad  above  sadiBant 
storage  (for  construction 
altas) 

Cenaulting  En«ln««r, 
Roekrllla,  Hd.  95.  i 
( FAC  OMAnda  tl  ona ) 

600  cubic  faat/trlbutary  aerot  alni- 
aura  depth  of  1  foot  (•305B)h 

i-  Published  July  1975 

RaiAAFeh  SpAclallst 
UnlvArslty  of 
Kantuclcy^®*  3 

( FAC  oBBiAndati  one ) 

.015-. 085  acM-fMt  (18.45-104. 55«3)  of 
parnanont  pool  atoragt  for  aach  acra  of 
aatarahad  araa  (dlaturbad  or  undlaturbad)‘‘ 

3-  Published  DacaBbar  1978 

k-  For  Appalachia  watarshada 
based  on  2-yaar.  2-hour 
event 

It  should  be  noted  that  no  specific  storage  require- 
nent  Is  universally  agreed  upon.  The  reasons  for  these  vari¬ 
ation  may  be  attributed  to  different  expected  sediment  yields 
due  to  differences  in  soil  and/or  topography  of  different 
geographical  locations.  Also*  the  recommendations/require¬ 
ments  quoted  in  Table  3  cover  three  different  sediment  sources t 
urban  areas,  construction  sites  and  surface  mined  areas.  These 
different  sources  may  also  lead  to  different  expected  sedi¬ 
ment  yields.  Probably  the  main  reason  for  non-uniformity  of 
storage  requirements  is  the  difference  of  opinion  of  its  rela¬ 
tive  effect  on  trap  efficiency.  The  established  or  recommend¬ 
ed  storage  values  are  generally  based  on  field  experience. 

Since  experiences  differ  due  to  different  type  ponds  observed 
in  different  locations,  it  is  only  reasonable  to  expect  that 
recommended  storage  volvimes  will  differ  from  location  to  lo¬ 
cation. 

The  OSM  regulations  have  established  uniform  criteria 
throughout  the  country  by  specifying  storage  requirements  in 
terms  of  sediment  yield  volume  per  specified  period  of  time. 
Furthermore,  the  regulation  specifies  the  method  to  be  used 
to  predict  sediment  yield  volumes.  It  is  interesting  to  note 
however,  that  the  method  specified  for  predicting  sediment 
yield,  that  is  the  USLE,  has  not  as  yet  been  verified  for  use 
in  surface  mined  areas.  It  will  be  remembered  that  it  was 
developed  for  agricultural  land  and  although  it  has  been  used 
elsewhere,  i.e,  construction  sites,  much  research  is  still 
underway  to  determine  its  applicability  for  surface  mined 
areas.  Also,  erodibility,  length/slope  and  land  management 
factors  for  surface  mined  areas  need  to  be  determined  or  ver¬ 
ified. 

The  other  criteria  for  determining  pond  size,  for  water 
quality  purposes,  is  detention  time.  The  detention  time  is 
the  amount  of  time  water  is  detained  in  the  sediment  pond. 
Consequently,  it  is  the  amount  of  time  that  the  sediment  has 
to  settle.  Therefore,  the  longer  the  detention  time  is,  the 
more  sediment  will  be  trapped.  For  this  reason,  detention 
time  is  used  as  an  indicator  of  the  trapping  ability  of  a 
sediment  pond.  Unfortunately,  detention  time  varies  through¬ 
out  the  routing  of  a  flow  through  a  reservoir  or  pond.  To 
simplify  matters,  an  average  detention  time  is  used.  A  com¬ 
monly  used  definition  for  this  average  detention  time,  and 
the  one  used  in  the  OSMi^  regulations  is,  ",  ,  .  the  time 
difference  between  the  centroid  of  the  inflow  hydrograph  and 
the  centroid  of  the  outflow  hydrograph  ,  ,  Although  this 
definition  makes  the  calculation  of  the  detention  time  rela¬ 
tively  easy,  it  actually  distorts  its  ability  to  act  as  a 
sediment  trap  efficiency  indicator.  Nesbitt  and  Notaryl97 
point  out  that  to  increase  the  detention  time,  it  is  necessary 
to  reduce  the  peak  of  the  outflow  hydrograph  and  to  stretch 
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its  time  base  out  over  as  long  of  a  time  period  as  possible. 

To  do  this,  the  pipe  size  and  riser  size  of  the  principal 
spillway  are  reduced  in  size  to  provide  for  a  slow  drainage 
of  the  pond.  However*  to  avoid  dams  of  excessive  heights* 
the  crest  of  the  principal  spillway  is  lowered  as  far  as  the 
regulations  will  allow.  This  reduces  the  permanent  pool 
to  a  size  equal  to  the  required  sediment  storage.  By  doing 
this*  the  crest  of  the  primary  spillway  is  closer  to  the  de¬ 
posited  sediment  increasing  chances  of  resuspensioni  it  also 
allows  drainage  of  the  high  sediment  concentrated  water  near 
the  bottom. 

The  point  is  that  detention  times  can  be  numerically 
maximized  without  necessarily  Increasing  trap  efficiency  or 
effluent  quality.  In  fact*  effluent  quality  may  be  substan¬ 
tially  reduced.  Also*  this  definition  of  detention  time  does 
not  adequately  indicate  the  improvement  to  water  quality  that 
may  be  achieved  by  employing  ponds  in  series.  Ponds  in  series 
may  improve  effluent  quality*  but  the  individual  ponds  are 
smaller  in  size  and  will  have  considerably  shorter  detention 
times. 

Nesbitt  feels  that  the  regulations  should  give  credit 
for  trap  efficiency  improvement  provided  by  permanent  pools. 
This  author  has  found  no  reports  of  research  completed  or  in 
progress  that  is  attempting  to  quantify  the  benefits  of  per¬ 
manent  pools.  Intuitively*  permanent  pools  aid  against  re- 
suspension  by  protecting  the  deposited  material  from  the  in¬ 
coming  flow.  Furthermore*  if  ideal  plug  flow  existed*  that 
is*  the  entire  permanent  pond  is  drained  prior  to  any  of  the 
new  flow  draining*  than  substantial  detention  time  would  be 
gained.  However*  ideal  flow  does  not  occur  and  there  is  a 
mixing  of  new  flow  with  the  permanent  pool.  The  extent  of 
mixing  is  not  known  however.  Ward  and  Haan9o  concluded  from 
their  study  of  sediment  ponds  in  Kentucky  that  pond  performance 
can  be  improved  by  increasing  the  permanent  pool  size.  Again* 
no  quantitative  relationship  between  permanent  pool  size  and 
water  quality  was  determined. 

Currently*  the  OSM  regulations  require  a  detention  time 
of  not  less  than  24  hours  for  a  10-year*  24_hour  precipitation 
event.  There  are  three  exceptions  to  this  requirement*  all 
of  which  require  demonstration  by  the  operator  that  effluent 
standards  are  met.  Thus*  the  detention  time  requirements  need 
not  be  met  as  lon^  as  effluent  standards  are  met.  On  the 
other  hand*  even  if  the  detention  time  requirement  of  24  hours 
is  met*  the  operator  is  still  required  to  meet  effluent  stan¬ 
dards,  The  point  is  that  even  if  the  detention  time  as  de¬ 
fined  is  not  a  good  indicator  of  the  effluent  quality  to  be 
expected,  the  OSM  regulations  do  not  severely  hamper  the  op¬ 
erators*  iniative  in  finding  economical  means  of  controlling 


-c3- 


/ 


sediment  nor  do  they  relieve  him  of  responsibility  of  achiev¬ 
ing  effluent  standards  by  merely  meeting  the  detention  time 
requirements. 

Another  method  used  to  determine  pond  sise  involves  the 
surface  loading  rate.  The  surface  loading  rate  is  equal  to 
the  flow  rate  through  the  pond  divided  by  the  surface  area 
of  the  pond. 


Vg  «  Q/A  EQ.  5  (Taken  from  Kathuris  et  al.37) 

Where  I  Q  s  flow  rate 

A  s  surface  area 

Vg  3  surface  loading  rate 


Note  that  the  flow  rate  divided  by  the  surface  area  is  equal 
to  the  depth  divided  by  detention  time.  This  is  exactly  the 
minimum  settling  velocity  that  a  particle  must  have  in  order 
to  settle  to  the  bottom  and  avoid  being  discharged.  It  can 
be  seen  then  that  the  surface  loading  rate  is  equal  to  the 
critical  settling  velocity.  The  critical  settling  velocity 
can  be  determined  by  selecting  the  smallest  size  particle 
that  is  to  be  trapped.  Then,  since  the  flow  rate  is  deter¬ 
mined  from  the  outlet  design.  Equation  5  can  be  solved  to  find 
the  required  surface  area.  This  of  course  is  the  required 
stirface  area  for  ideal  settling.  It  does  not  take  into  ac¬ 
count  resuspension  due  to  inlet  and  outlet  disturbances, 
short  circuiting,  etc.  In  an  EPA  design  manual°9,  it  is  sug¬ 
gested  that  a  1.2  correction  factor  be  applied  to  compensate 
for  non  ideal  settling.  It  will  also  be  remembered  that 
Skelly  and  Loy^7  recommended  a  modification  to  Equation  5 
(see  Eq.  4)  to  correct  for  short  circuiting  based  on  pond 
geometry. 

The  surface  loading  rate  method  is  more  practical  for 
use  in  sewage  and  water  treatment  plants  where  the  basins  are 
regular  in  shape  with  uniform  depths,  widths  and  flow  rates. 
The  sediment  ponds  for  sxirface  mined  areas  reported  on  in 
the  literature  are  normally  of  irregular  shape  which  are  a 
function  of  the  particular  terrain  rather  than  any  design 
consideration.  More  attention  has  been  paid  to  volume  and 
detention  time  than  has  been  paid  to  the  surface  area  or 
shape. 

To  summarize  design  considerations  for  pond  sizes,  it  is 
seen  that  ponds  are  designed  for  both  hydraulic  and  sediment 
loads.  Hydraulic  loads  to  be  designed  for  are  specified  by 
Federal  and  State  regulations.  Procedures  for  the  hydraulic 
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design  are  well  estabilished.  The  only  area  left  to  specu¬ 
lation  is  in  choosing  the  method  to  obtain  the  design  hyeto- 
graphs  and  hydrographs. 

The  sediment  load  design  factors  are  divided  into  two 
areas  I  1)  sediment  storage  volume  requirements*  and  2)  set¬ 
tling  volume  required  to  give  the  sediment  sufficient  time 
to  settle.  The  sediment  storage  volume  is  either  set  by 
regulations  or  local  guidelines.  The  volume  requirement 
can  also  be  found  by  calculating  the  expected  sediment  yield 
over  the  design  life  of  the  pond.  Sediment  yield  can  be 
found  by  several  methods,  however  OSM  regulations  stipulate 
the  use  of  the  USLE.  It  should  be  kept  in  mind  that  the  USLE 
has  not  yet  been  verified  for  use  in  surface  mined  areas. 
Nevertheless,  it  is  reasonable  to  believe  that  the  USLE  can 
be  successfully  used  for  surface  mined  land.  However,  values 
for  the  soil  erodibility,  length-slope,  and  management  fac¬ 
tors  are  not  presently  available  for  the  different  conditions 
found  in  surface  mined  areas. 

The  methods  used  to  determine  volume  requirements  to  as¬ 
sure  sufficient  time  for  sediment  settling  are  not  fully  ade¬ 
quate*  The  surface  loading  method  is  best  suited  for  per¬ 
manent  uniform  basins.  Detention  time  as  a  trap  efficiency 
indicator  can  be  misleading.  A  design  procedure  for  sizing 
ponds  to  assure  sufficient  time  for  settling  is  needed.  Ir¬ 
regular  shapes,  non  uniform  depths,  fluctuating  flow  rates 
and  sediment  concentrations  have  thus  far  hindered  the  de¬ 
velopment  of  an  acceptable  procedure* 


NUMBER  OF  PONDS 


Ponds  can  be  and  have  been  used  in  series*  The  pri¬ 
mary  reasons  for  their  use  to  date,  as  reported  in  the  lit- 
eratxire,  is  for  two  reasons.  One  is  the  use  of  a  small  pond 
to  pretreat  the  runoff  to  remove  the  larger  particles  prior 
to  the  runoff  entering  the  primary  pond*  The  other  reason 
is  to  use  the  first  pond  for  settling  of  large  particles  and 
the  addition  of  chemical  coagulants,  while  the  second  pond  is 
used  for  flocculation  and  final  settling*  The  only  reference 
found  during  this  study  which  gives  details  about  sediment 
ponds  in  series  is  the  EPA®9  design  manual  for  sediment  ero¬ 
sion  control.  It  lists  the  following  features  of  ponds  in 
series! 

a)  can  be  employed  where  topography  does  not  permit  the 
construction  of  one  large  pond, 

b)  may  increase  detention  time  and  suspended  solid  re¬ 
moval. 
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e)  one  pond  can  be  used  to  pretreat  the  runoff  to  re¬ 
move  the  larger  particles  before  they  reach  the 
primary  settling  pond, 

d)  clean  out  of  smaller  ponds  is  generally  easier  and 
can  be  accomplished  with  common  equipment,  i,e«, 
bucketloader  or  dozer, 

e)  small  ponds  can  be  removed  more  easily, 

f)  wave  distxirbances  and  bank  erosion  due  to  wind  is 
minimized  with  smaller  ponds,  and 

g)  several  smaller  ponds  may  require  more  excavation 
than  one  large  pondt  however,  dam  construction  for 
a  larger  pond  may  be  more  expensive  than  the  dif¬ 
ference  in  excavation  costs. 

The  considerations  for  using  several  small  ponds  in  series 
opposed  to  one  large  pond  will  have  to  be  made  on  a  case  by 
case  basis.  There  has  been  little  reported  in  the  litera- 
t\ire  about  the  effectiveness  of  ponds  in  series.  No  refer¬ 
ence  has  been  found  on  how  to  determine  detention  time  for 
the  composite  system.  It  is  unlikely  that  the  detention 
times  of  each  individual  pond  would  be  additive  since  the 
transition  between  ponds  is  likely  to  disrupt  the  settling 
process.  A  report  titled.  Effectiveness  of  Surface  Mine 
Sedimentati on  Ponds , 37  presents  the  effectiveness  of  six  sedi¬ 
ment  ponds,  two  of  which  have  two  ponds  in  series.  However, 
due  to  the  many  other  factors  involved  in  trap  efficiency, 
the  effects  of  using  two  ponds  in  series  could  not  be  deter¬ 
mined  from  this  study. 

In  summary,  there  are  some  very  practical  reasons  for 
employing  ponds  in  series i  these  includes  limitations  of  the 
topography  for  constructing  one  larger  pond,  cost  and  main¬ 
tenance  factors,  and  smaller  surface  area  to  be  affected  by 
wind.  This  ctudy  however,  has  found  no  report  of  ponds  in 
series  providing  higher  effluent  quality  than  single  larger 
ponds  or  vice  versa. 


POND  SHAPE 


In  discussing  pond  shape  two  descriotions  can  be  con¬ 
sidered,  the  length/width  ratio  and  the  geometric  form  of  the 
surface.  The  length/width  ratio  will  be  discussed  first. 

The  length/width  ratio  is  used  as  a  rule  of  thumb  in 
pond  design  to  help  minimize  the  effects  of  short  circuit¬ 
ing.  The  greater  the  length  to  width  ratio  is,  the  less  is 


the  chance  of  short  circuiting.  Length/width  ratios  have 
been  based  on  experience  with  little  if  any  formal  research 
to  quantify  it.  Thus,  as  might  be  expected,  there  is  a  wide 
variance  in  recommended  values.  Table  5  shows  recommended 
values  which  were  found  in  the  literature.  For  irregularly 
shaped  ponds,  the  effective  width  is  determined  by  dividing 
the  surface  area  by  the  length  of  the  path  actually  trav¬ 
eled  (effective  length)  by  the  flow.  To  reduce  short  cir¬ 
cuiting,  baffles  are  sometimes  employed  to  lengthen  the 
actual  flow  path  of  the  water.  These  will  be  discussed  in 
more  detail  later.  The  author  has  found  no  reference  to 
length/width  ratios  by  any  regulatory  agency. 


TABLE  5.  RECOMMENDED  LENGTHAIDTH  RATIOS 


Source 

Length/Width 

Ratio 

Erosion  and  Sediment  Control,  Surface 

at  least  2il 

Mining  in  the  Eastern  U.S.,69 

EPA-625/3-76-006 

Water  Management  and  Sediment  Control 

at  least  2tl 

for  Urbanizing  Areas, 9^  USDA,  SCS, 

Colximbus,  Ohio 

Standards  for  Soil  Erosion  and 

2tl 

Sediment  Control  in  New  Jersey' ^ 

Standard  and  Specifications  foj^ 

2il 

Sediment  Basin,  USDA,  SCS,  Md.99 

Design  of  Sediment  Basins  for 

at  least  4il 

Construction  Sites, 95  py  p,c. 

Oscanyan,  Consulting  Engineer 

Development  of  Methods  to  Improve 

5il 

Performance  of  S^face  Mine 

Sediment  Basins,'^'  by  Skelly  and 

Loy,  Engineers -Consultants 

Most  sediment  ponds  for  surface  mine  areas  reported  in 
the  literature  are  of  irregular  shape,  taking  their  shaoe 
from  the  particular  terrain  selected  for  the~pond  site.  Not 
much  information  has  been  found  in  the  literature  regarding 
the  effect  of  shape  on  pond  performance.  Intuitively,  the 
desirability  for  longer  detention  time  translates  to  slow 
flow  rates  and  long  effective  pond  lengths.  However,  it  is 
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desirable  to  know  what*  if  any*  geometric  shape  will  pro¬ 
vide  the  beat  hydraulic  flow  characteristics  to  yield  the 
best  effluent. 

This  study  has  found  only  two  references  which  make  rec- 
ommedations  as  to  the  geometric  shape  of  the  pond.  Both  arti¬ 
cles  were  related  to  sediment  ponds  in  irrigation  systems  and 
have  the  same  author  or  coauthor.  Each  recommends  a  different 
geometric  shape.  The  first  article  published  in  1975  by 
Bondurant  et  al.^^O  recommends  triangular  shaped  ponds. 

The  desirable  pond  characteristics  are  given  as  ".  .  .  design 
should  provide  maximum  velocity  reduction  early  in  ponding* 
allow  adequate  storage  space  for  the  larger  particles,  and 
decrease  the  flow  depth  toward  the  outlet  while  maintaining 
a  constant  forward  velocity.  This  requires  a  fan-shaped 
pond*  deeper  at  the  inlet  and  decreasing  in  depth  while  in¬ 
creasing  in  width  toward  the  outlet,"  The  authors  indicate 
that  triangular  shaped  ponds  would  fit  well  into  natural 
draws  or  swales. 

In  1977  Bondurant^®!  published  another  article  in  which 
he  recommended  rectangular  ponds  while  making  no  reference  to 
triangular  ones.  He  recommends  a  length/width  ratio  of  at 
least  4  to  1*  the  piped  inlet  to  be  centered  in  the  inlet  sec¬ 
tion,  and  full  width  exit  sections. 

The  sediment  ponds  reviewed  and  reported  on  by  the  EPA 
in  reference  37  included  rectangular  and  round  ponds.  How¬ 
ever,  the  study  was  not  aimed  at  finding  the  best  hydraulic 
conditions  for  sediment  removal*  and  no  inference  can  be 
drawn  about  geometric  shapes. 

In  svunmary,  the  shape  of  sediment  ponds  normally  found 
in  surface  mined  areas  are  irregular.  Guidelines  or  rules 
of  thumb  indicate  that  the  length/width  ratio  be  anywhere 
from  at  least  2il  to  5«1  or  greater.  No  shape  requirements 
have  been  found  in  governing  regulations*  reviewed  in  this 
study. 


INLET  DESIGN 


Three  principal  functions  of  inlets  can  be  discernedt 
1)  to  dissipate  energy*  2)  to  distribute  flow  across  pond 
width*  and  3)  to  filter  the  influent.  The  purpose  of  dis¬ 
sipating  energy  is  to  reduce  the  sediment  earring  capacity 
by  reducing  the  velocity  and  turbulence  and  thus  causing 
immediate  deposition  of  the  larger  sediment  particles.  This 
early  reduction  of  flow  velocity  also  maximizes  the  time 
available  for  the  smaller  particles  to  settle. 
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Studies  by  Kathiiria  et  al.37,  and  Ward  and  Haan96  sug¬ 
gest  the  use  of  energy  dissipators  at  inlets  to  improve  pond 
efficiencies.  Energy  dissipatation  can  be  achieved  by  plac¬ 
ing  obstructions  in  the  flow  path  in  the  form  of  dumped  rock, 
log  or  pole  structures,  check  dams  or  baffles.  Baffles  will 
be  discussed  later.  Log  or  pole  structures  and  check  dams 
have  been  mentioned  and  referenced  earlier.  Their  use  will 
more  than  likely  create  a  small  pond  in  front  of  the  main 
pond  which  will  act  as  a  pre treatment  pond. 

Distribution  of  flow  across  the  width  of  the  basin  in¬ 
creases  the  effective  cross-sectional  area  which  reduces  the 
velocity  and  possible  short  circuiting,  and  increases  deten¬ 
tion  time.  Methods  of  distributing  flow  includes  apron  inlets, 
baffles,  and  multiple  inlets.  Apron  inlets  act  similar  to 
level  spreaders  discussed  in  Chapter  III.  They  provide  a 
transition  of  decreasing  depth  and  increasing  width  between 
the  channel  and  the  pond.  Reference  27  mentions  this  type 
of  inlet  design  and  provides  a  diagram.  Baffles  will  be 
discussed  later  and  multiple  inlets  are  self-explanatory. 
Reference  2?  provides  a  diagram  of  one  possible  method.  If 
no  provisions  are  made  for  the  distribution  of  flow,  single 
inlets  should  at  least  be  located  so  as  to  provide  the  long¬ 
est  travel  distance  to  the  outlet. 

Filtration  of  the  influent  is  limited  to  drainage  from 
small  areas,  and  for  off-channel  ponds.  This  limitation  is 
due  to  the  extremely  slow  rate  of  filtration.  Two  means  of 
filtration  suggested  by  S kelly  and  Loy^?  are  the  use  of 
straw  bales  or  silt  fences.  It  appears  to  this  author,  that 
this  type  of  filtration  will  cause  ponding  in  front  of  the 
primary  pond  which  will  act  as  a  pretreatment  settling  pond. 

No  reference  was  found  in  the  regulations  reviewed  requiring 
any  particular  type  of  inlet  design. 


OUTLET  DESIGN 


Outlets  are  often  referred  to  as  spillways.  Most  ponds 
of  any  size  have  two  spillways i  the  principal  spillway  and 
the  emergency  spillway.  When  a  pond  has  both  principal  and 
emergency  spillways,  the  primary  spillway  is  to  be  designed 
to  handle  the  design  storm  for  water  quality  purposes.  The 
combined  discharge  of  the  principal  and  emergency  spillways 
are  to  be  able  to  safely  pass  the  design  storm  for  which  the 
embankment  is  designed.  The  specific  design  storms  as  estab¬ 
lished  by  OSM  were  presented  in  Chapter  II. 

The  hydraulics  for  different  outlet  structures  are 
well  established,  Haan  and  Barfield^^  give  the  head-discharge 
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relationship  for  the  typical  discharge  structxires*  To  deter¬ 
mine  if  the  discharge  outlets  will  safely  pass  the  design 
storm*  a  reservoir  routing  technique*  as  discussed  in  the 
section  on  pond  size*  is  used* 

Besides  meeting  the  hydraulic  requirements  necessary 
to  safely  pass  design  storms*  outlet  structure  design  needs 
to  consider  water  quality  as  well*  Detention  time  is  depend¬ 
ent  on  the  discharge  rate  of  the  outlet  structure*  The  re¬ 
lationship  of  detention  time  and  water  quality  was  discussed 
in  the  section  on  pond  size* 

In  most  cases*  it  is  desirable  for  the  outlet  structiire 
to  withdraw  water  from  the  surface  of  the  pond*  It  is  gener¬ 
ally  accepted  that  the  clearest  or  highest  quality  water  is 
at  the  surface*  However*  Glazier^ indicates  that  the  water 
at  the  surface  sometimes  will  experience  higher  suspended 
solid  concentrations  than  water  below  the  surface.  Glazier 
suggests  that  this  might  be  due  to  algae  formed  on  the  sur¬ 
face*  This  has  yet  to  be  proven  by  experiment  or  field 
studies*  and  if  it  is  shown  to  be  true*  it  will  likely  be 
seasonal  and  dependent  on  nutrient  content*  etc*  For  inor¬ 
ganic  suspended  solids*  the  settling  theory  indicates  that 
the  higher  quality  water  will  be  at  the  surface  and  as  such, 
it  is  presently  felt  that  superior  results  are  obtained  when 
effluent  is  withdrawn  from  the  surface* 

The  other  aspect  of  outlet  design  which  affects  water 
qtiality  is  dewatering  methods.  Frequently*  it  is  desirable 
to  draw  the  water  level  down  below  the  level  of  the  princiiaal 
spillway  crest  to  provide  more  storage  for  the  next  runoff 
event*  This  is  called  dewatering*  However*  Ward  et  al*3^ 
recommends*  "*  *  *  that  dewatering  be  minimized  as  much  as 
possible  as  a  large  permanent  pool  provides  the  most  favor¬ 
able  trapping  characteristics*  Dewatering  also  requires  the 
withdrawal  of  some  of  the  poorest  quality  of  flow." 

If  dewatering  is  required*  the  following  methods  are 
available! 

1)  manually  opened  dewatering  devices* 

2)  perforated  risers/single  perforation  dewatering  devices* 

3)  siphon  draw  downs,  and  , 

4)  subsurface  drains* 

Ward  and  Haan^^  recommend  manually  opened  dewatering  devices 
for  use  with  riser  pipe  spillways*  Ward  et  al*34  suggest 
that*  a  series  of  orifices  with  shuttered  ports  could 

be  located  along  the  length  of  a  vertical  riser*  As  the  flow 
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within  the  pond  clarifies,  each  port  would  he  opened." 

This  would  allow  a  higher  quality  effluent  to  be  discharged, 
and  at  the  same  time  provide  a  means  of  lowering  the  perma¬ 
nent  pool  to  provide  more  storage  for  the  next  runoff  event. 
Another  advantag-e  of  a  manual  system  is  that  dewatering  ori¬ 
fices  can  be  located  below  the  level  of  the  sediment  storage 
pool.  This  allows  for  complete  dewatering  during  cleaning 
operations. 

Perforated  risers  are  perhaps  the  least  desirable  of 
dewatering  devices  available.  Single  perforation  dewater¬ 
ing  devices  differ  from  perforated  risers  in  that  a  single 
perforation  is  located  at  the  sediment  cleanout  level.  A 
perforated  riser  has  multiple  openings  (usually  slots)  stag¬ 
ger  from  the  sediment  cleanout  level  to  the  top  of  the  riser. 
Both  methods  are  undesirable  since  they  do  not  allow  for 
storage  as  the  water  level  is  rising,  and  withdraw  poor  qual¬ 
ity  subsurface  water  during  high  flow  events  (see  Figure  7). 
References  69  and  27  show  a  single  perforation  dewatering  de¬ 
vice  with  and  without  skimmers.  Single  perforation  without 
skimmers  are  subject  to  clogging. 

Siphon  draw  down  devices  allow  pond  levels  to  be  re¬ 
duced  below  the  principal  spillway  crest  automatically  with¬ 
out  the  use  of  perforations.  Although  these  devices  with¬ 
draw  water  from  below  the  surface,  they  do  allow  for  stor¬ 
age  prior  to  drainage.  Consequently,  better  quality  effluent 
is  expected.  Reference  27  and  69  discuss  and  illustrate 
siphon  drawdowns. 

All  three  risers  shown  in  Figure  6  will  lower  the  pond 
level  to  the  dotted  line  labeled  "A,"  Figure  "a"  depicts 
a  single  perforation  drawdown.  Base  flows  will  begin  to  be 
withdrawn  from  the  surface  when  the  level  rises  above  line 
"A,"  Withdrawal  will  be  subsurface  when  the  level  rises 
above  point  B.  The  perforation  is  usually  3-4  inches  (7.62- 
10,16  cm)  in  diameter.  If  no  skimmer  is  provided,  it  will  be 
susceptable  to  clogging  by  floating  debris. 

Figures  b  and  c  show  short  and  long  siphon  drawdowns 
respectively.  Both  have  a  discharge  rate  higher  than  the 
single  perforation  drawdown.  The  short  siphon  will  begin 
discharging  when  the  pond  level  reaches  point  "c,"  The  only 
storage  provided  for  the  base  flow  is  indicated  by  S,  With¬ 
drawal  for  both  siphons  will  always  be  subsurface.  The  long 
siphon  will  not  begin  discharging  until  the  pond  level  reach¬ 
es  ooint  "D."  The  advantage  of  the  long  siphon  is  that  it 
provides  storage  for  the  baseflow.  The  time  it  takes  the 
base flow  to  raise  the  pond  level  through  the  height  indi¬ 
cated  by  "F"  is  the  detention  time  which  this  system  pro¬ 
vides  for  the  baseflow. 
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Subsurface  drains  consist  of  a  network  of  perforated 
drain  pipes  buried  below  the  pond.  This  author  has  found 
no  reports  on  the  actual  performance  of  this  type  of  system. 

It  would  be  suspected  that  clogging  might  be  a  serious  prob¬ 
lem.  References  69  and  2?  illustrate  this  method  of  dewatering. 

Another  aspect  in  outlet  design  is  location.  As  with 
inlet  design,  the  outlet  should  be  located  to  minimize  short 
circuiting  and  to  maximize  travel  distance  and  time.  Basic¬ 
ally,  this  means  to  physically  separate  the  inlet  and  out¬ 
let  as  far  apart  as  possible. 


There  are  several  types  of  outlet  structures  commonly 
used  in  sediment  ponds.  They  include  perforated  and  non  per- 
porated  riser  pipes,  troughs,  weirs  and  vegetated  channel 
spillways. 

Perforated  or  non  perforated  riser  pipes  are  generally 
constructed  from  either  corrugated  metal  pipe  or  plastic 
pipe.  They  are  connected  to  a  horizontal  pipe  conduit  which 
extends  beyond  the  downstream  toe  of  the  embankment.  The 
base  of  the  riser  is  often  made  of  concrete  sufficiently 
large  to  prevent  floatation.  Although  concrete  bases  are 
not  required,  some  means  of  anchoring  the  riser  and  pipe 
to  counteract  the  buoyancy  force  is  necessary.  Riser  and 
pipe  sizes  will  determine  discharge  rates  and  thus  their 
sizes  will  be  determined  during  reservoir  routing  design 
procedures.  Some  publications  recommend  minimum  sizes.  For 
example,  California’s  EPA  manual?^  for  erosion  and  sediment 
control  recommends  a  12  inch  (30.^8  cm)  minimum  diameter  for 
horizontal  pipes  and  a  30  inch  (76,2  cm)  minimum  diameter  for 
risers.  The  SOS's  "Standard  and  Specifications  for  Sediment 
Ba8in"99  for  Maryland  does  not  specify  minimum  pipe  diameters, 
but  requires  the  principal  spillway  to  be  capable  of  passing 
,2  cfs/acre  (,0l4  me ter 3/sec, /ha)  of  drainage  area  when  the 
water  level  is  at  the  emergency  spillway  crest  elevation, 
(Notes  references  70  and  99  refer  primarily  to  construction 
sites) 

Linderman  et  al,103  recommend  that  care  be  taken  to  as¬ 
sure  that  the  flow  through  the  horizontal  pipe  does  not  flow 
under  pressure.  The  reason  he  gives  for  this  is  that,  ",  ,  , 
its  capacity  is  less  and  reverse  flow  may  occur  through  risers 
at  lower  elevations,"  Regardless  of  whether  or  not  "reverse 
flow"  occurs,  the  capacity  will  be  reduced  and  this  must  be 
considered  in  the  reservoir  routing  work  to  assure  that  the 
embankment  structure  is  not  over  topped  during  the  desi<?n 
storm.  Instead  of  altering  the  stage-discharge  curve  for 
pipe  flow  conditions,  it  is  easier  to  insure  that  pressure 
flow  does  not  occur  and  thus  allow  discharge  to  be  governed 
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solely  by  weir  or  orifice  capacities. 

Two  modifications  are  frequently  incorporated  with  riser 
spillways.  These  are  trash  racks  and  antivortex  devices. 

Trash  racks  prevent  floating  debris  from  entering  and  clog¬ 
ging  the  riser,  while  antivortex  devices  prevent  the  high 
velocities,  surface  disturbances,  and  cajcicity  reductions 
associated  with  vortices  caused  by  the  Coriolis  force.  Both 
functions  are  usually  combined  in  one  device.  For  specifica¬ 
tions  on  trash  racks  and  antivortex  devices,  the  reader  is 
referred  to  references  69 »  70  and  99 • 

A  frame  similar  in  share  to  an  antivortex  device,  but 
much  larger  (10ft  x  10ft  x  3ft)  (3.05m  x  3.05m  x  .91m)  with 
the  intended  purpose  of  preventing  short  circuiting,  has 
been  tested  by  Jenkins  and  Pankaninf®^  in  conjunction  with 
riser  pipes.  The  testing  of  this  device,  conducted  at  West 
Virginia  University,  proved  the  device  to  be  unsuccessful. 
However,  the  investigators  feel  that  with  some  modifications, 
it  might  be  of  some  future  use.  For  details  on  the  device 
and  its  testing,  see  reference  104, 

In  an  attempt  to  improve  the  effluent  quality  of  per¬ 
forated  risers,  filters  have  been  tested.  Sediment  removal 
efficiency  was  improved  when  risers  were  wrapped  with  various 
types  of  filter  membrane,  but  experience  shows  that  the  fil¬ 
ters  become  clogged  too  rapidly  for  practical  use.  For  more 
detail  on  the  testing  of  riser  filters,  the  reader  is  referred 
to  reference  95* 

Non  perforated  risers  are  recommended  by  nearly  all 
agencies  and  researchers.  If  perforated  risers  are  to  be 
used,  recommended  sizes  are  given  in  references  70,  96  and  103, 

Another  type  of  outlet  structure  being  tested  and  used 
more  frequently  are  full  width  skimming  weirs  and  troughs, 
Bondurant^^®  recommends  the  use  of  full-width  skxmming-type 
weir  outlets  to  provide  uniform  overflow  depths  and  prevent 
short  circuiting,  Jenkins  and  Pankanin^O^  experimented  with 
a  24ft  (7 .31™)  long  wooden  trough  which  they  secured  to  the 
top  of  a  riser.  The  front  of  the  trough  was  an  adjustable 
weir  with  90  degree  V-notches,  One  of  the  main  problems  en¬ 
countered  was  the  buoyancy  of  the  wooden  trough.  The 
buoyant  forces  made  it  difficult  to  keep  the  trough  level 
and  uniform  overflow  depths  were  not  maintained,  S kelly  and 
Loy27  show  design  sketches  for  a  wooden  weir  trough  with  a 
maximum  length  of  100:*t  (30,43m),  This  trough  is  likewise  se¬ 
cured  to  the  top  of  an  outlet  riser, 

A  somewhat  recently  proposed  technique  to  be  used  in  con¬ 
junction  with  discharge  troughs  involves  the  use  of  commer- 
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daily  manufactured^ fiberglass  body  "structure  outlet 
units.  These,  so  called,  filters,  are  12  inches  (30.^8cm) 
in  diameter  and  16  inches  (40,64cm)  high,  with  a  flow 
through  capacity  of  60,000  gph  (227,12m3^r),  They  actually 
operate  on  a  skimming  weir  principle,  rather  than  as  a  fil¬ 
ter  media,  with  over  150  feet  (45,72m)  of  effective  weir  in 
each  unit.  It  is  suggested  that  these  units  be  installed 
such  that  their  effluent  empties  into  the  discharge  troughs. 
They  have  been  successfully  used  in  septic  tanks  for  the 
past  15  years,  and  have  recently  been  recommended  for  use 
in  sediment  ponds.  No  reports  have  been  found  in  the  lit¬ 
erature  about  its  use. 

Other  outlets  include  lined  channels  which  are  normally 
used  for  emergency  spillways.  These  can  vary  from  expensive 
concrete  spillways  as  found  on  larger  reservoirs  to  riprap  or 
vegetative  lined  channels.  References  49,  70  and  72  illus¬ 
trate  concrete  chute  spillways,  and  reference  69  gives  de¬ 
sign  criteria  for  earth  spillways. 

Multiple  outlets  and  baffles  can  be  employed  to  increase 
pond  performance  by  preventing  or  reducing  short  circuiting. 

Finally,  protection  must  be  provided  for  the  receiving 
channel  or  waterway  where  the  spillway  discharges.  Stan¬ 
dard  procedures  are  available  for  this,  and  include  1  con¬ 
crete  aprons  and  riprap.  Reference  69  gives  more  details 
on  these  methods. 

In  summary,  outlet  designs  must  meet  the  requirements 
set  by  government  regulations  to  safely  pass  design  storms 
and  also  to  provide  for  sufficient  detention  time.  To  as¬ 
sure  that  these  conditions  are  met,  reservoir  routing  tech¬ 
niques,  either  graphical  or  computerized,  can  be  used.  Con¬ 
siderations  for  outlet  locations  are  the  same  as  for  inlet 
locations,  that  is  to  maximize  travel  distance  through  the 
pond,  and  minimize  short  circuiting  and  dead  space.  The 
typical  types  of  outlet  structures  are  risers  with  drain 
pipes,  skimming  weirs  and  troughs,  and  lined  spillway  chan¬ 
nels,  Of  these,  full  width  skimming  weirs  and  troughs 
are  theoretically  best  suited  for  preventing  short  circuit¬ 
ing  and  should  give  superior  results  in  water  quality.  How¬ 
ever,  the  only  report  found  in  this  study  on  their  actual 
performance  indicated  problems  associated  with  trough 
buoyancy.  Regardless  of  the  type  of  outlet  used,  it  is  a 
generally  accented  belief  that  for  best  results,  effluent 
should  be  withdrawn  from  the  surface. 

Four  methods  of  dewatering  ponds  below  the  level  of  the 
r»*imary  spillway  crest  were  mentioned.  The  one  which  pro¬ 
vides  excellent  results  in  terms  of  water  quality  is  the  man¬ 
ually  opened  drain.  The  obvious  drawback  is  that  it  requires 
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an  attendant's  presence  after  each  runoff  event.  Perforated 
risers  and  single  perforated  risers  reduce  effluent  quality 
by  passing  subsurface  water  and  providing  no  storage  for 
base  flows.  The  single  perforated  riser's  performance  can 
be  improved  somewhat  by  installation  of  a  long  siphon  which 
will  provide  some  storage  before  passing  base  flows.  Final¬ 
ly,  subsurface  drains  were  mentioned.  They  appear  to  poten¬ 
tially  provide  excellent  effluent  quality,  but  no  reports  on 
their  actual  performance  were  found  during  this  study.  This 
author  anticipates  that  coat  or  clogging  problems  may  elimi¬ 
nate  it  as  a  practical  solution. 


BAFFLES 


Baffles  have  been  mentioned  in  previous  sections,  but 
will  be  discussed  here  in  greater  detail.  Baffles  are  arti¬ 
ficial  barriers  used  in  sediment  ponds  for  the  purpose  of  dis 
sipating  energy  or  directing  flow.  They  can  be  used  at  inlet 
structures  to  dissipate  energy  and  cause  the  formation  of  a 
forebay  where  larger  particles  are  removed  by  settling.  For 
this  reason,  a  low  overflow  baffle  extending  across  the  width 
of  the  pond  would  be  used.  This  type  of  baffle  would  also 
serve  to  evenly  distribute  flow  across  the  pond  width. 

Another  type  of  baffle  which  can  be  used  at  the  inlet  is 
directional  baffles.  These  baffles  are  usually  higher,  but 
do  not  extend  across  the  full  width  of  the  pond.  Their  pur¬ 
pose  is  to  direct  flow  so  as  to  increase  flow  length  and 
minimize  short  circuiting.  Care  should  be  taken  so  that 
baffles  do  not  direct  flow  against  unprotected  banks  and  thus 
cause  bank  erosion. 

Directional  baffles  can  be  employed  also  at  outlet  struc 
tTires  or  anywhere  throughout  the  pond  to  increase  the  ef¬ 
fective  length/width  ratio  and  reduce  short  circuiting. 

Baffles  are  normally  constructed  from  logs  and  poles, 
rough  sawed  lumber,  or  exterior  plywood.  References  27,  34 
and  69  give  details  on  baffle  construction  and  illustrate 
their  possible  locations  on  hypothetical  irregular  shaped 
ponds. 

Jenkins  and  Pankanin^®^  have  experimented  with  a  baffle 
constructed  using  4,5ft  x  75ft  (1.4m  x  22,9m)  impermeable 
plastic  brattice  cloth.  The  plastic  cloth  sections  were 
supported  by  floating  logs  while  their  lower  corners  were 
held  down  by  weights.  The  logs  were  connected  together  by 
rope  and  stretched  across  the  entire  width  of  the  pond.  Suf¬ 
ficient  data  had  not  been  collected  by  the  time  that  Jenkins 
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and  Pankanln  presented  their  paper  in  May  of  1979  for  con¬ 
clusive  results  to  be  drawn  as  to  the  effectiveness  of  this 
method.  However,  indications  are  that  its  use  may  be  credit¬ 
ed  with  reducing  short  circuiting. 


PLOCCUIATION/COAGUIATION 


Flocculation/coagulation  processes  have  been  proposed, 
and  have  received  limited  use  for  the  removal  of  colloidal 
suspensions  from  surface  mine  runoff.  In  areas  where  the 
sediment  contains  clay,  it  is  nearly  impossible  to  meet  water 
quality  standards  by  settling  alone,  unless  the  clay  content 
is  extremely  low. 

Flocculation  requires  the  addition  of  a  coagulant  which 
causes  the  particles  to  form  aggregates.  The  increased  size 
of  the  aggregates  give  them  a  greater  settling  velocity  than 
that  of  the  individual  col.lojrtal  particles.  This  increase 
in  settling  velocity  is  sufficient  to  allow  the  aggregates 
to  settle  within  a  reasonable  amount  of  time. 

The  first  task  in  setting  up  this  process  is  to  select 
the  proper  coagulant.  McCarthy's  mentions  two  polyelectrolytes 
by  their  trade  names;  both  provided  successful  results  for  a 
sediment  pond  built  near  Centralia,  Washington.  Skelly  and 
Loy27  reported  on  their  investigation  of  31  coagulants  se¬ 
lected  from  an  initial  list  of  144.  In  their  draft  report  to 
SPA,  they  show  the  results  of  their  testing  and  rank  the 
seven  best  coagulants  according  to  their  overall  performance. 
The  final  test  of  the  coagulants  was  to  determine  their  en¬ 
vironmental  impact.  Laboratory  studies  indicated  that  for 
che  coagulants  tested,  little  or  no  impact  to  the  environ¬ 
ment  would  be  experienced. 

This  author  has  not  found  any  study  which  shows  effective¬ 
ness  of  specific  coagulants  for  particular  sediment  types. 

Thus,  for  each  area  where  coagulants  are  to  be  used,  labora¬ 
tory  and  field  tests  must  be  run  to  determine  effectiveness 
and  dosage  rates.  Skelly  and  Loy27  propose  the  following  pro¬ 
cedure  be  used  in  selecting  coagulants i  l)  Contact  manufactur¬ 
ers  for  coagulant  characteristics  and  begin  initial  screening 
process  for  the  most  applicable  products.  2)  Conduct  prelim¬ 
inary  laboratory  tests  to  determine  the  effectiveness  of 
each  coagulant  in  removal  of  suspended  solids  from  effluent 
samples  taken  from  the  pond  in  question.  3)  Determine  by 
laboratory  testing  the  relationship  between  percent  removal 
and  coagulant  dosage  rate  for  each  of  the  5-7  coagulants  se¬ 
lected  from  Step  2.  4)  Determine  the  cold  weather  effects  on 

each  of  the  coagulants. 
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In  addition*  tests  will  need  to  be  run  to  determine  the 
environment  Impact  of  using  these  coagulants.  In  their  tests 
Skelly  and  Loy  analyzed  water  samples  for  total  dissolved 
solids*  total  organic  carbon  and  chemical  oxygen  demand.  As 
stated  earlier*  their  tests  Indicated  little  or  no  Impact  to 
the  environment  would  be  experienced*  For  further  details 
on  their  tests  and  the  results*  see  reference  2?. 

The  procedure  for  using  coagulants  Involves  the  addi¬ 
tion  of  the  coagulant  with  rapid  mixing  followed  by  a  very 
slow  mixing  which  allows  particles  to  aggregate  and  a  per¬ 
iod  of  relative  quiet  flow  to  allow  the  aggregates  to  set¬ 
tle.  A  series  of  ponds  are  normally  employed  when  coagu¬ 
lants  are  used.  The  first  pond  provides  preliminary  set¬ 
tling  to  remove  the  larger  particles.  This  preliminary 
settling  will  prevent  the  larger  jarticles  from  interfer¬ 
ing  with  the  coagulation  process  and  requiring  larger  dosages 
of  chemical  additives.  The  chemicals  are  normally  added  as 
the  vrater  leaves  the  preliminary  pond.  If  Sufficient  head 
exists*  a  water  fall-step-method  can  be  used  to  agitate  the 
water  to  provide  rapid  mixing.  The  steps  can  be  constructed 
from  rock  or  logs.  In  the  set  up  described  by  McCarthy^o,  a 
50  foot  (15#24m)  long*  half  round  culvert  with  baffles  placed 
every  5  feet  (1.524m)  provided  the  required  rapid  mixing. 
Skelly  and  Loy*?  suggest  that  the  slow  mixing  be  provided 
for  by  placing  directional  baffles  in  the  first  1/3  section 
of  the  second  pond.  The  baffles  should  be  arranged  in  such 
a  manner  as  to  cause  a  snake  like  flow  pattern.  The  final 
2/3  of  the  pond  is  then  used  for  quiescent  settling. 

The  use  of  coagulants  in  surface  mine  sediment  ponds  has 
not  received  wide  acceptance.  The  reason  is  not  because  it 
is  not  needed*  for  it  is  the  general  opinion  and  experience 
of  the  researchers  and  consulting  engineers  with  whom  this 
author  has  talked*  that  sediment  ponds  alone  will  not  a- 
chieve  the  effluent  quality  standards  for  designed  storms. 
Some  of  the  possible  reasons  for  not  using  coagulants  is  ex¬ 
pense*  maintenance  problems*  lack  of  available  design  crite¬ 
ria*  and  the  lack  of  adequate  chemical  application  methods. 

Although  this  author  did  not  review  the  original 
paper  presented  by  McCarthy  at  the  1977  National  Symposium 
on  Soil  Erosion  and  Sedimentation  by  Water*  Ward  et  al.^^5, 
referring  to  that  paper  stated  that*  "...  flocculating  a- 
gents  provide  an  economic  solution  zo  meeting  water  quality 
goals  even  on  lai’ge  surface  mine  areas.  On  three  watersheds 
near  Centralia*  Washington,  water  quality  was  maintained  with 
in  the  new  Federal  limits  for  an  estimated  cost  of  510/acre- 
ft  of  runoff."  No  indication  is  given  as  to  what  this  cost 
includes  or  any  of  the  other  watershed  factors  which  might  in 
fluence  cost.  Regardless  of  this*  one  of  the  prime  reasons 
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for  not  using  coagulants  given  by  the  engineers  questioned 
by  the  author  was  cost. 

For  coagulant  use.  mechanical  and/or  electrical  equip¬ 
ment  are  necessary  for  feeding  the  chemical  additives  at  the 
proper  dosage  rates.  Whenever  mechanical  and  electrical 
equipment  is  introduced  to  a  system,  maintenance  require¬ 
ment  and  costs  increase. 

Design  criteria  and  chemical  application  methods  or 
lack  thereof  are  the  other  reasons  proposed  for  coagulants 
not  being  widely  accepted.  A  wide  variety  of  chemical  coag¬ 
ulants  with  varying  degrees  of  effectiveness  are  commercially 
available.  However,  dosage  rates  for  different  sediment 
types  at  different  concentration  are  not  available.  Even 
after  the  optimal  dosage  rate  for  a  particular  sediment  type 
at  a  given  concentration  is  determined,  it  must  be  remembered 
that  in  practice,  sediment  concentrations  will  vary  with  time 
throughout  a  runoff  event,  McCarthy^®  indicated  that  the 
turbidity  fluctuation  of  the  effluent  from  their  preliminary 
pond  was  not  sufficient  to  require  a  dosage  rate  change.  How 
ever,  since  the  flow  rate  did  vary,  the  actual  feed  rate  of 
the  coagulant  needed  to  be  regulated  to  compensate  for  var¬ 
iations  in  flow  rates.  A  method  of  monitoring  the  flow  rate 
and  regulating  the  chemical  feed  rate  accordingly  was  devel¬ 
oped,  but  an  electrical  power  source  was  found  to  be  absolute 
ly  necessary. 

Other  problems  which  may  also  need  to  be  addressed,  de¬ 
pending  on  specific  site  conditions  are  clear  water  source 
and  temperature  effects.  If  coagulants  come  in  a  solid  form 
or  concentrated  liquid,  a  clear  water  source  may  be  needed  to 
dissolve  or  dilute  the  coagulant  so  as  to  be  compa table  with 
the  feed  system.  Cold  weather  may  require  measures  to  pre¬ 
vent  coagulants  from  freezing  and/or  dosage  rates  may  need  to 
be  changed  due  to  slower  settling  velocities  caused  by  low 
temperatures. 

It  can  be  seen  that  many  practical  problems  still  exist 
in  using  coagulants  to  increase  effluent  quality.  Although 
coagulants  have  been  successfully  used  in  at  least  three 
sediment  basins  in  Washington  State  and  at  Lake  Needwood  in 
Maryland,  their  use  has  not  gained  wide  acceptance  through¬ 
out  the  rest  of  the  country. 


HIGH  RATE  SEDIMENTATION  DEVICES 


High  rate  sedimentation  devices  refer  to  inclined  tube 
settlers  which  have  been  successfully  employed  in  wastewater 
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treatment  plants  to  reduce  settling  time.  The  only  mention  | 

of  their  use  in  sediment  ponds  that  was  found  in  this  study  ) 

was  in  an  EPA  report  titled.  Joint  Construction  Sediment  i 

Control  Pro.iectPo.  The  report  states,  "Discussions  with 
manufacturers  of  inclined  tube  settlers  revealed  that  the  | 

removal  efficiency  of  inclined  tube  settlers  is  greatly  ( 

reduced  at  concentrations  of  less  than  lOOmg/l.  Con-  j 

sequently,  the  idea  of  installing  such  a  device  was  abandoned 
since  it  would  not  economically  add  materially  to  the  trap  j 

efficiency  of  the  pond."  The  EPAl®®  Process  Desiem  Manual  > 

for  Suspended  Solids  Removal  discusses  at  length  the  use  of  | 

these  tube  settlers  and  similar  devices  in  water  and  waste-  i 

water  treatment  plants.  \ 
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CHAPTER  V 


MODELS 


INTRODUCTION 


The  purpose  of  this  chapter  is  to  present  the  differ¬ 
ent  types  of  computer  models  which  have  been  developed  and 
are  available  as  design  and  analysis  tools  in  sediment  con¬ 
trol,  They  can  be  divided  into  three  basic  groups i  1)  hy¬ 
drograph  models,  2)  sediment  yield  models,  and  3)  pond  de¬ 
sign  models.  This  review  of  specific  models  does  not  at¬ 
tempt  to  cover  all  models  that  have  been  developed,  but  will 
be  limited  to  a  few  models  which,  it  is  believed,  give  a 
fair  representation  of  the  current  State  of  the  Art,  An  ex¬ 
tensive  review  and  comparison  of  all  existing  models  would 
be  more  of  a  determination  of  the  State  of  the  Art  of  numeri¬ 
cal  methods  or  computer  models  instead  of  sediment  and  ero¬ 
sion  control.  Thus,  such  a  review  was  not  conducted.  The 
known  principles  and  methods  of  sediment  and  erosion  control 
have  been  presented  in  Chapters  III  and  IV *  this  chapter 
merely  shows  the  application  of  these  principles  in  conjunc¬ 
tion  with  digital  computers.  The  detailed  mechanics  of  the 
reviewed  programs  will  not  be  given  here.  Instead,  the  uses, 
concepts,  required  input,  limitations,  and  output  will  be 
presented.  References  will  be  provided  for  the  reader  de¬ 
siring  details  on  the  actual  use  of  the  mentioned  models. 


HYDROGRAPH  MODELS 

Hydrograph  models  are  used  to  process  rainfall  hyeto- 
graphs  through  watersheds  to  obtain  runoff  hydrographs.  As 
explained  in  Chapters  II  and  IV,  the  hydrographs  are  necessary 
for  the  hydraulic  design  of  sediment  basins.  These  models 
are  also  used  as  integral  parts  of  sediment  yield  models.  Of 
the  many  hydrograph  models  which  have  been  developed,  four 
have  been  selected  for  presentation  here.  Each  are  appli¬ 
cable  for  small  to  medium  size  rural  watersheds  and  thus  can 
be  used  to  model  surface  rained  areas.  The  models  to  be  re¬ 
viewed  are  the  following!  l)  the  Watershed  Storm  Hydrograph 
(WASH)  Model,  2)  the  Ohio  State  University  Version  of  the 
Stanford  Streamflow  Simulation  Model,  3)  the  U.S.  Department 
of  Agricultural  Hydeograph  Laboratory-70  (USDAHL-70) 

Model,  and  4’)  the  Purdue  Model, 
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The  WASH  Model 


The  WASH  model*  which  is  used  as  a  subroutine  in  the 
DEPOSITS  model*  is  presented  by  Ward  et  al,3^  in  the  DEPOSITS 
design  manual.  It  simply  computerizes  the  SCS  method  for 
determining  time  to  peak  and  peak  flow  for  a  unit  hydro¬ 
graph.  (The  SCS  method  is  described  in  detail  by  Haan  and 
Barfield. lo)  The  shape  of  the  unit  hydrograph  is  then  de¬ 
termined  by  Haan*s97  equation* 


aiil  .r_L  el-t/tp1=3^P 
L 


Where  I  q(t)  =  hydrograph  ordinate  at  time  t 
qp  =  peak  flow  rate 

tp  =  time  to  peak 

C3  =  non  physical  parameter  (see  reference  for  equa¬ 
tion  and  tabulated  values) 


The  SCS  triangular  hydrograph  method  upon  which  this 
model  is  based  was  developed  for  watersheds  of  2000  acres 
or  less  and  thus  is  the  size  limitation  for  this  model. 
Storms  for  which  hydrographs  can  be  generated  are  limited 
from  1  to  24  hour  durations. 

The  WASH  model  requires  the  following  inputi 

1)  watershed  drainage  area  in  acres , 

2)  average  watershed  slope  in  percent* 

3)  watershed  flow  length  in  feet* 

4)  design  storm  duration  in  hours* 

5)  design  storm  rainfall  in  inches* 

6)  composite  SCS  curve  number  for  the  watershed* 

7)  correction  factor  due  to  impervious  areas*  and 

8)  correction  factor  due  to  channel  improvements. 

The  SCS  method  is  an  empirical  method  and  thus  the 
model  has  the  limitations  associated  with  all  empirical  ap¬ 
proaches.  Results  of  the  model*  reported  by  Ward  et  al.3^, 
indicate  that  the  model  is  fairly  conservative*  yielding 
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slightly  higher  peaks  than  those  reported  by  the  SCS  in  its 
manual  SCS-TP-149  (1973). 

The  other  three  models  to  be  reviewed  differ  from  the 
WASH  model  in  that  they  attempt  to  simulate  the  hydrologic 
cycle  by  using  mathematical  formulae  to  describe  the  known 
individual  components  of  the  cycle.  Although  not  all  of 
the  following!  precipitation,  interception,  evaporation, 
infiltration,  transpiration  depression  storage,  surface  de¬ 
tention,  interflow,  groundwater  flow,  and  overland  flow. 


O.S.U.  Version  of  S’WM 

One  of  the  earliest  computer  models  developed  to  simu¬ 
late  watershed  runoff  by  using  mathematical  formulas  to 
describe  the  components  of  the  hydrologic  cycle  was  the 
Stanford  Watershed  Model  (SWM),  In  this  model,  the  watershed 
is  divided  into  areas  of  equal  flow  time.  That  is,  all  of 
the  runoff  within  a  delinated  area  will  drain  during  a 
given  time  increment.  The  time  increment  is  usually  15  min¬ 
utes,  By  measuring  the  area  of  these  delineated  sections, 
a  time-area  histogram  is  developed.  Knowing  the  area  of  each 
time  zone,  the  average  runoff  rate  per  time  zone  per  incre¬ 
ment  of  time  can  be  calculated  and  a  time-runoff  diagram  can 
be  constructed  for  each  time  increment  of  the  storm  dura¬ 
tion,  Each  of  these  time-runoff  diagrams  are  lagged  and  then 
routed  using  a  level  pool  routing  technique  to  obtain  the  run¬ 
off  hydrograph.  This  model  considers  the  following  com¬ 
ponents  of  the  hydrologic  cycle  in  determining  runoffi  pre¬ 
cipitation,  interception,  infiltration,  interflow,  evapo- 
transpiration  and,  if  desired,  snowmelt. 

In  197*^ »  Ricca  et  al,^^^  at  the  Ohio  State  University 
(OSU)  modified  this  model  for  use  on  smaller  midwestern 
watersheds  ranging  in  size  from  1  to  50  square  miles  (2,58  to 
I29,5km2),  This  was  made  possible  by  allowing  the  time  in¬ 
crement  to  vary  from  1  to  15  minutes.  The  model  was  further 
modified  by  adding  a  snowmelt  subroutine  for  midwestern  con¬ 
ditions,  a  swamp  and  soil  crack  storage  rountine,  and  a 
routine  to  consider  multiple  recession  constants. 

This  model  requires  the  following  input  datai 

1)  precipitation, 

2)  evaporation, 

3)  soil  surface  moisture, 

4)  soil  retention  properties. 


-e3- 


/ 


5)  interflow  storage  and  flow  conditions* 

6)  groundwater  storage  and  flow  conditions*  and 

7)  physical  state  and  geomorphological  properties 
of  the  basin* 

The  fundamental  limitations  of  the  SWM  and  all  modified 
versions  of  it  is  that  it  is  based  on  the  "Ivimped"  system 
concept*  Although  it  does  employ  mathematical  equations  to 
simulate  the  different  components  of  the  hydrologic  cycle, 
it  lumps  them  all  together  without  considering  individual 
component’s  distribution  spatially  over  the  watershed  or  the 
interaction  among  components* 


USDAHL-70 

The  United  States  Department  of  Agiculture  (USDA)  has 
developed  several  hydrologic  models*  One  of  the  earlier 
ones*  referred  to  as  USDAHL-70*  is  described  in  detail  in 
Technical  Bulletin  Number  1^35 »  Agricultural  Research 
Service*  USDA*  This  model*  like  the  SWM,  uses  mathemati¬ 
cal  equations  to  simulate  the  components  of  the  hydrologic 
cycle*  Each  component  is  written  as  a  separate  subroutine 
to  facilitate  updating  when  improvements  to  component  sim¬ 
ulations  are  made*  This  program  considers  the  following  hy¬ 
drologic  processes  I  precipitation,  infiltration,  evapotrans- 
piration*  evaporation  of  soil  moisture*  subsurface  flow, 
overland  flow*  and  channel  flow*  The  USDAHL  model  differs 
from  the  SWM  type  models  in  that  the  watershed  is  divided 
into  three  zones  based  on  topo^aphy*  The  three  topo^aphic 
regions  are  uplands,  characterized  by  mild  slopes  having  mod¬ 
erate  erosion*  hillsides,  having  steeper  slopes  and  suscep¬ 
tible  to  relatively  severe  erosion*  and  finally  bottom 
lands*  consisting  of  flat  alluvium*  For  each  zone,  average 
values  of  soil  characteristics  are  computed*  Then  infiltra¬ 
tion*  evapotranspiration  and  overland  flow  are  calculated  for 
each  region  individually  and  the  runoff  is  routed  from  the 
upper  zone  through  the  lower  zones  to  the  channel  system* 

This  system  reduces  the  "lumped"  system  effect  in  that  it 
considers  the  distribution  of  the  hydrologic  components  and 
their  interaction  to  some  extent*  For  example,  infiltration 
rates  will  likely  be  higher  in  the  uplands  and  bottom  lands 
than  on  hillsides*  Furthermore,  the  amount  of  infiltration 
which  has  already  occurred  in  the  bottom  lands  will  determine 
how  much  of  the  runoff  from  the  uplands  and  hillsides  will  be 
infiltrated  or  passed  as  overland  flow  as  it  is  routed  throusrh 
the  bottom  lands*  Although  the  lumped  system  is  still  basic¬ 
ally  applied  within  each  reffion,  the  overall  system  more 
closely  models  conceptually  the  watershed  than  the  previous 
lumped  system  models. 
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This  model  requires  input  data  which  is  divided  into 
four  basic  croups i  1)  soil  parameters  and  watershed  zones, 

2)  flow  routing  parameters,  3)  hydrologic  parameters,  and 
4)  crop  and  land  parameters.  The  exact  data  required  for 
each  of  these  grouos  will  depend  upon  which  version  of  the 
model  is  selected.  As  mentioned  earlier,  the  USDA  has  de¬ 
veloped  a  series  of  these  models  each  updating  or  refining 
the  basic  model, 

Pttrdue  Model 

The  final  hydrologic  model  to  be  reviewed  was  reported 
by  L,P.  Huggines  and  S,J,  Monke  in  Technical  Report  No,  1, 
Purdue  University,  Water  Resources  Center,  This  model,  re¬ 
ferred  to  as  the  Purdue  Model  was  developed  to  simulate  sur¬ 
face  runoff  hydrographs  for  ungaged  watersheds  ranging  in 
size  from  2  acres  (8,09  X  10-3  km2)  to  several  hundred  acres. 
This  model  uses  a  finite  difference  scheme  and  avoids  the 
Iximped  system  effects  entirely  by  selecting  ele?  ts  suf¬ 
ficiently  small  such  that  significant  hydrologic  parameters 
can  be  assumed  uniform  throughout  the  element.  Runoff  is 
routed  through  one  element  to  the  next  throughout  the  water¬ 
shed.  Flow  from  one  element  to  the  next  is  assumed  to  be 
perpendicular  to  the  element  boundary  and  in  the  direction 
of  the  steepest  slope.  The  continuity  equation  is  used  to 
determine  the  runoff  for  each  element.  Hydrologic  com¬ 
ponents  simulated  in  this  model  include!  precipitation, 
interception,  infiltration  and  surface  storage. 

The  four  hydrologic  models  presented  are  a  small  sample 
of  all  the  computer  models  available  for  generating  runoff 
hydrographs.  These  models  are  not  necessarily  the  latest, 
most  comprehensive,  accurate  or  widely  accepted.  No  attempt 
has  been  made  to  compare  and  evaluate  relative  merits  of  all 
available  models.  The  models  selected  were  intended  to  show 
the  different  approaches  which  have  been  taken  to  utilize 
computers  to  obtain  runoff  hydrographs.  The  review  included » 
an  empirical  approach  consisting  of  computerizing  the  SCS 
method!  a  lumped  system  approach,  utilizing  mathematical 
equations  to  simulate  individual  hydrologic  components} 
a  "semi -lumped"  system  approach,  which  divides  the  watershed 
into  three  topographic  regions}  and  a  finite  difference 
scheme  approach,  where  elements  are  selected  small  enough  to 
reasonably  assume  uniform  hydrologic  parameters  throughout 
the  element.  The  trend  is  definitely  away  from  empirical  ap¬ 
proaches  and  towards  simulation  of  individual  hydrologic 
components  and  their  interactions.  Improvements  are  likely 
to  be  made  in  the  area  of  formulating  mathematical  expressions 
which  will  more  closely  describe  the  physical  phenomenon  of 
the  individual  hydrologic  components. 
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SEDIMENT  YIELD  MODELS 


Before  reviewing  sediment  yield  models,  brief  men¬ 
tion  will  be  made  of  a  concept  first  developed  by  Meyer 
and  Wischmeierlll  in  1969#  and  which  has  since  been  in¬ 
corporated  into  many  models.  The  first  part  of  the  con¬ 
cept  stipulates  that  soil  detachment  is  accomplished  by 
either  raindrop  impact  or  overland  flow,  and  that  sedi¬ 
ment  transport  is  accomplished  by  raindrop  splash  or  over¬ 
land  flow,  Meyer  and  Wischmeier's  concept  then  requires 
that  the  total  amount  of  soil  detachment  be  compared  to 
the  total  capacity  for  sediment  transport.  If  the  total 
amount  of  soil  detached  is  greater  than  the  transport  ca¬ 
pacity,  deposition  will  occur.  The  amount  of  deposition 
will  be  the  difference  between  soil  detached  and  transport 
capacity.  If  the  capacity  to  transport  sediment  is  great¬ 
er  than  the  amount  of  soil  detached,  then  no  deposition  will 
occur,  and  the  sediment  yield  will  be  equal  to  the  amount  of 
soil  detached.  This  basic  concept  of  detached  soil  avail¬ 
able  verses  transport  capacity  is  found  in  most  sediment 
yield  models. 

Three  sediment  models  have  been  selected  for  presenta¬ 
tion  here.  These  were  developed  by  David  and  Beer,  Onstad 
and  Foster,  and  Simons  et  al. 


David  and  Beer’s  Model 

David  and  BeerH2,  115  developed  their  model  at  Iowa 
State  University  in  197^.  It  is  a  sheet  and  rill  erosion 
model  which  uses  the  Kentucky  Watershed  Model  (KWM),  a  modi¬ 
fied  version  of  the  SWM,  to  simulate  the  hydrologic  cycle. 

The  simulated  hydrologic  cycle  is  used  in  determining  sheet 
and  rill  erosion.  However,  recorded  streamflow  is  read  in 
as  input  for  estimating  channel  bank  erosion  and  bed  scour. 
For  sheet  and  rill  erosion,  an  empirical  equation  is  used 
to  determine  soil  detachment  and  a  power  equation  is  used 
to  calculate  the  transport  capacity.  For  channel  bank  ero¬ 
sion  and  bed  scour,  a  simple  power  function  is  used.  The 
concept  developed  by  Meyer  and  Wischmeier  is  then  used  to 
determine  sediment  yield  and  depostion.  This  model  gives 
daily,  monthly  and  annual  suspended  sediment  loads. 

Since  this  model  is  based  upon  the  Kvr.l,  it  has  the  same 
limitations  as  its  hydrolop:ic  model.  The  most  severe  limita¬ 
tion  is  probably  the  fact  that  the  KWM,  like  all  versions  of 
the  S'WM,  uses  the  lumped  system  approach.  Another  major 
limitation  of  the  model  as  a  whole,  is  that  it  requires 
daily  observed  streamflow  values  as  input  for  stream  erosion 


estimation.  In  spite  of  these  limitations,  the  model's 
developers  report  favorable  results  when  they  tested  it  on 
the  Four  Mile  Creek  Watershed  near  Tracer,  Iowa. 


Onstad  and  Foster's  Model 


Onstad  and  Fosterll3  developed  their  erosion  model  in 
1974  to  determine  sediment  yield  and  total  runoff  for  single 
storms  on  a  watershed.  The  model  uses  the  USDAHL-73  model 
to  simulate  the  hydrologic  cycle,  and  therefore,  the  water¬ 
shed  is  divided  into  the  three  topographic  regions  as  men¬ 
tioned  above  in  the  section  describing  U3DAHL  models. 

Onstad  and  Foster  use  the  USLE  as  modified  by  Foster 
et  al.ll4  to  determine  the  amount  of  soil  detached.  An 
empirical  equation  using  basically  the  same  factors  found 
in  the  USLE  is  used  to  compute  transport  capacity.  These 
factors  are  assumed  to  be  uniform  within  each  delineated  re¬ 
gion.  Erosion  and  deposition  is  then  calculated  for  each 
zone,  based  on  the  concept  presented  by  Meyer  and  Wischmeierlil , 
as  the  runoff  and  sediment  is  routed  from  the  higher  zones 
through  the  lower  zones  into  the  channel.  All  calculations 
are  first  made  on  a  unit  width  basis  and  then  applied  to  the 
entire  watershed. 

The  main  advantage  of  this  type  of  an  approach  is  that 
it  tends  to  minimize  the  lumped  system  effects  by  dividing 
the  watershed  into  areas  having  somewiat  similar  hydrologic 
parameters.  Results  of  this  particular  model  are  limited 
and  not  in  suitable  form  to  accurately  judge  its  capabil¬ 
ities. 


Simons*  Model 

The  final  sediment  yield  model  to  be  reviewed  was 
described  by  Li  et  al.^l®  in  1976.  The  model  itself  was 
developed  by  Simons  et  al,  in  1975*  In  this  model,  over¬ 
land  flow  is  separated  from  channel  flow.  The  overland  flow 
portion  of  the  model  considers  interception,  infiltration, 
overland  routing  of  water  to  the  channel  system,  subsur¬ 
face  routing  of  water  to  the  channel  and  sediment  routing 
to  the  channel.  The  channel  flow  portion  of  the  model  routes 
water  and  sediment  delivered  to  the  channel  from  the  overland 
flow  areas  and  computes  degradation  and  aggradation  in  the 
channel. 

Soil  detachment  by  raindrop  impact  is  calculated  using 
a  power  function  of  the  rainfall  intensity,  while  detachment 
by  flow  is  assumed  to  be  a  function  of  the  local  bed  shear 
stress,  A  distinction  is  made  between  bed  load  and  wash 
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load  tranport  capacities.  The  transport  capacity  for  bed 
load  material  is  assumed  to  be  a  function  of  the  local  ef¬ 
fective  shear  stress  and  the  Meyer-Peter-Miller  bed  load 
equation.  The  wash  load  transport  rate  is  assumed  to  be 
a  function  of  bed  shear  stress  and  available  loose  soil. 

Both  water  and  sediment  are  routed  using  the  contin¬ 
uity  equation  and  a  finite  difference  scheme.  Thus,  the 
lumped  system  approach  is  avoided  completely.  This  model 
provides  runoff  hydrographs  and  sediment  graphs  for  individ¬ 
ual  storms  on  small  watersheds. 

Li  et  al.^^^  report  that  the  model  was  tested  on  two 
watersheds  and  that  the  synthesized  values  compared  satis¬ 
factorily  with  observed  values  for  the  peak  flow,  time  to 
peak,  water  yield,  and  sediment  yield. 

There  are  many  other  sediment  yield  predicting  models 
besides  the  three  reviewed  here.  These  three  models  were 
selected  merely  to  demonstrate  different  approaches  which 
have  been  taken  to  utilize  computers  in  predicting  sedi¬ 
ment  yield.  Their  approaches  parallel  the  type  of  approach¬ 
es  used  in  the  later  three  hydrologic  models.  That  is,  a 
model  which  minimizes  the  effect  of  a  lumped  system  approach 
by  dividing  the  watershed  into  three  topographic  regions, 
and  finally  a  finite  difference  model  which  elimimtes  the 
lumped  system  approach  by  dividing  the  watershed  into  ele¬ 
ments  small  enouth  so  that  hydrologic  parameters  can  reason¬ 
ably  be  assumed  to  be  uniform  across  the  element, 

POND  DESIGN  MODELS 


The  final  two  models  to  be  reviewed  are  classified  as 
pond  design  models.  These  models  are  basically  used  as  an 
aid  to  determine  optimum  spillway  elevations,  riser  dia¬ 
meters,  embankment  heights  and  detention  times. 


Nesbitt  and  Notary* s  Model 

The  first  model  to  be  reviewed  was  presented  by  Nesbitt 
and  Notary97  at  the  Federal  Surface  Mining  Regulations  Con¬ 
ference  in  1979»  This  model  is  basically  a  combination  of  a 
hydrologic  model  and  a  computerized  routing r technique  to  de¬ 
termine  the  detention  time,  embankment  height  and  spillway 
pipe  length,  watershed  parameters  are  read  in  and  an  inflow 
hydrograph  for  a  10-year,  2^-hour  rainfall  is  generated.  The 
stage-volume  data  for  the  proposed  dam  site  is  then  read  and 
a  trial  riser  diameter,  riser  elevation  and  spillway  pipe 
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length  are  assumed.  The  generated  hydrograph  is  then  routed 
through  the  pond  and  the  flood  crest  elevation  and  deten¬ 
tion  time  are  calculated.  If  the  detention  time  does  not 
meet  OSM  requirements  (24  hours)  a  new  riser  size  and/or 
crest  elevation  are  selected  and  the  process  is  repeated 
until  the  optimum  riser  diameter  and  elevation  are  found. 
Next,  a  design  storm  is  routed  through  both  the  principal 
and  emergency  spillways  to  determine  the  final  height  of 
the  embankment.  A  25-year,  24-hour  design  storm  is  used 
for  embankments  less  than  20ft.  (6.1m),  and  a  100-year, 
24-hour  design  storm  is  used  for  embankments  greater  than 
20ft.  (6.1m).  Finally,  the  assumed  spillway  pipe  length 
is  checked  against  the  required  length  which  can  now  be 
determined  since  the  flood  crest  elevation  and  consequent¬ 
ly  dam  height  is  known.  If  necessary,  the  assumed  pipe 
length  is  corrected  and  the  process  is  repeated  until  the 
assTimed  pipe  length  is  within  10%  of  the  required. 

This  model  employs  no  new  principles,  but  combines 
tools  and  methods  discussed  earlier  to  reduce  the  itera¬ 
tive  work  required  to  find  the  optimum  riser  size  and  eleva¬ 
tion. 


DEPOSITS  Model 

The  final  model  to  be  discussed  was  developed  by  Ward 
et  al,3^  and  is  called  the  DEPOSITS  (DEposition  Performance 
Of  Sediment  In  Trap  Structures)  Model.  It  ",  is  a 
conceptual  model  which  describes  the  sediment  transport  and 
deposition  process  in  a  reservoir  as  a  function  of  the  basin 
geometry,  inflow  hydrograph,  the  inflow  sediment  graph,  the 
sediment  characteristics,  the  outlet  spillway  design  and  the 
hydraulic  behavior  of  the  flow  within  the  basin. "3^ 

This  model  can  be  used  to  predict  trap  efficiency, 
storage  reduction  due  to  sediment  deposits,  and  effluent  sus- 
I)ended  sediment  concentrations.  Thus,  this  model  does  not 
actually  aid  in  selecting  optimum  design  specifications,  but 
predicts  the  results  of  design  proposals.  To  accomplish  this 
the  WASH  model  is  used  as  a  subroutine  to  generate  the  pond 
inflow  hydrograph  which  is  then  plug  flow  routed  through  the 
pond. 

In  order  to  route  the  runoff  and  sediment  hydrograph 
through  the  pond,  the  model  requires  several  pieces  of  in¬ 
put  data  which  include i  the  sediment  storage  requirement, 
total  storage  volume,  stage-storage  data,  and  the  principal 
and  emergency  spillway  specifications.  Although  the  model 
does  not  attempt  to  simulate  the  flow  hydraulics  within  the 
basin,  control  variables  are  used  to  adjust  for  such  things 


as  the  plug  flow  assumption,  short-circuiting,  dead  space, 
inflow  and  outflow  conditions  and  the  use  of  chemical  fluc- 
culants.  The  model  does  not  calculate  or  predict  sediment 
yield.  It  is  necessary  therefore  to  input  a  sediment  in¬ 
flow  graph  or  the  total  sediment  mass  entering  the  basin 
during  the  storm  event.  If  the  latter  approach  is  used, 
the  model  will  distribute  the  total  sediment  load  through¬ 
out  the  runoff  event,  proportioning  it  according  to  the  flow 
rate. 

Ward  et  al,3^  have  tested  this  model  on  eleven  basins 
throughout  the  nation,  and  were  able  to  explain  over  90% 
of  the  variation  in  trap  efficiency, 

3oth  the  DEPOSITS  Model  and  Nesbitt's  model  can  be  used 
as  an  aid  in  sediment  pond  design,  but  both  use  a  different 
approach.  Basically,  Nesbitt's  model  will  select  the  princi¬ 
pal  spillway  riser  diameter  and  elevation,  and  give  the  final 
embankment  height  all  based  on  a  required  detention  time. 

The  DEPOSITS  Model  on  the  other  hand  will  predict  the  ef¬ 
ficiency  of  a  given  pond  design. 

In  summary,  this  chapter  has  reviewed  various  computer 
models  which  have  been  developed  for  design  and  analysis  work 
in  sediment  and  erosion  control.  An  attempt  has  been  made 
to  present  the  different  areas  in  which  computer  models  can 
be  of  use,  and  some  of  the  different  procedural  approaches 
which  have  been  developed. 


CHAPTER  VI 


SUMMARY  AND  RECOMMENDATIONS 

INTRODUCTION 


The  purpose  of  this  chapter  is  to  summarize  the  State 
of  the  Art  of  erosion  and  sediment  control.  Material  pre¬ 
sented  in  Chapters  II  through  V  will  be  summarized  and  dis¬ 
played  in  tabular  form.  Next,  a  list  of  known  on  going  re¬ 
search  is  listed.  Finally,  conclusions,  needed  research  and 
recommendations  are  presented. 


SUMMARY 


In  an  attempt  to  concisely  display  this  information, 
foiir  tables  were  constructed  with  basically  the  same  format. 
Table  6  summarizes  methods  and  techniques  of  predicting 
and  quantifing  sediment  characteristics,  rates,  and  concen¬ 
trations  which  are  important  in  the  study  of  erosion  and 
sediment.  The  table  is  divided  into  four  columns  headed i 
Item,  Summary,  Comments,  and  References  and  Sources  of 
Additional  Information.  Comments  and  references  are  listed 
horizontally  across  from  the  statement  in  the  summary  column 
to  which  they  apply.  The  reference  will  be  listed  horizontal 
ly  across  from  the  item  listed  if  it  applies  generally  to 
the  item,  and  not  specically  to  any  statement  in  the  summary 
column.  The  last  coltunn  will  contain  all  references  found 
in  the  text  of  this  thesis  that  are  related  to  the  particular 
item  as  well  as  any  reference  which  was  found  on  the  subject, 
but  which  has  not  previously  been  mentioned.  When  applicable 
concluding  remarks  about  the  State  of  the  Art  for  the  partic¬ 
ular  item,  will  follow  the  last  statement  in  the  summary 
column  and  run  the  width  of  the  table. 

Table  7  summarizes  the  material  presented  in  Chapter 
III.  The  table  has  two  sections.  The  first  summarizes  ero¬ 
sion  control,  and  the  second  summarizes  sediment  control. 

The  format  is  similar  to  Table  6  with  the  exception  of  the 
first  two  columns.  For  the  erosion  control  section,  the 
first  column  delineates  the  specific  erosion  processes,  and 
the  second  column  lists  the  methods  or  techniques  of  control 
for  each  of  the  erosion  processes.  In  the  sediment  control 
section,  the  first  column  lists  the  control  processes,  and 
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the  second  column  lists  the  specific  control  methods. 

Table  8  sxjmmarizes  the  considerations  for  sediment 
pond  design.  Following  the  format  of  the  other  tables,  the 
Hrst  column  lists  the  specific  design  item  and  the  second 
column  siammarizes  the  design  considerations. 

Table  9  summarizes  the  computer  models  which  were 
reviewed.  The  first  column  lists  the  type  of  model  and 
the  second  column  gives  the  particular  models  which  were 
reviewed.  The  rest  of  the  table  follows  the  same  format 
as  the  previous  three  tables. 


Table  6 


Sununary  of  Methods  and  Techniques  to  Describe 
and  Predict  Sediment  Characteristics, 
Concentrations,  and  Rates 


REFERENCES  AND 
SOURCES  OF 
ADDITIONAL 
INFORMATION 


Part  tele  Size 
Dtecribut loa 


Size  distributions  are  used  to  detemine 
«nat  percent  of  the  suspended  load  can 
be  removed  by  settling. 


Particle  size  distributtoo  of  eroded 
sediment  is  different  from  the  particle 
size  distribution  of  soil  from  which 
the  sediment  is  eroded. 


The  particle  size  distribution  varies 
throughout  the  runoff  event. 


Young  and  Onstad's  method  of  predict¬ 
ing  particle  Size  distribution  was  the 
only  prediction  method  found  in  the 
literature. 


Sediment  size  distributions  are  required  if  the  percent  of  the  suspended  solids  to  be  resKtved  by  settling 
is  to  be  predicted.  It  is  a  difficult  task  to  take  sediment  samples  and  to  physically  measure  size  dis¬ 
tributions  without  breaking  down  the  aggregate  particles.  Only  one  method  has  been  found  in  this  study 
which  IS  capable  of  predicting  sediment  particle  size  distributions,  and  that  Mthod  does  not  address 
the  variation  of  the  distribution  with  lime  throughout  a  runoff  event. 


Sediment 

Grapha 


I .  Charset er let  xrs 


Four  methods  have  been  found  IB  the 
literature.  Renard  and  Laursen ;  Bruce 
et  al  .  Prendon-Herrero,  and  Villiams 


(b)  Product  of  hydrograpb  and  sediment  con¬ 
centrations 


Concentrations  vary  with  time  through¬ 
out  the  runoff  event  at  a  different  rate 
than  the  flow 


’e  important  ;n  determining  peak  sediment  loads,  little  information  is  presently 
them.  Of  the  four  mi'thods  referenced  here,  two  have  not  been  extensively 
lethods  are  only  applicable  to  gaged  watersheds. 


Methods  of 
Predicting 
Sediment  Yield 


I .  Universal  Soil  Loss  Equation  (USLE) 


Only  two  specific  methods  to  predict 
sediment  yield  are  reviewed  in  detail 
in  this  thesis,  the  USLE  and  the 
VUSLE.  These  methods  appear  to  be  the 
most  applicable  snd  most  widely  used 
for  surface  mined  areas. 


Enplrica]  equation,  developed  in  English 
units  to  predict  sheet  and  rill  erosion. 


The  equation  can  be  converted  to  the 
metric  system,  but  tables  for  the 
values  of  the  various  factors  sre  not 
readily  available. 


Predicts  gross  erosion  -  requires  a  de¬ 
livery  ratio  to  determine  yield  if  tre- 
quent  opportunity  exists  for  deposition 


(c)  f.'onpr.sed  of  four  factors, 
i)  rainfall  fsi-tcr  R 
ill  eroatbillly  factor.  K 
ill)  length, slope  factor.  LS 
iO  control  practice  fact< r 


It  ha<  been  used  to  predict  soil  loss 
on  %  single  storrr  basis  with  limited 
su-'.ess  It  IS  re  ommended  that  the 
I’SLZ  be  used  sole‘>  for  r.redlctinp 
annual  rates 


Table  6.  (continued) 


ITEM 

SIHMARY 

COMMENTS 

RE>‘£RENCES  AMD 
SOCRCES  Of 
ADDITIONAL 
INFORMATION 

Methods  of 
Predict  lag 
Sediaeat 

Yield 

2.  Modified  L'aiverssl  S>jil  Loss  Eaustion 

rmrsin - - - 

(a)  Replaces  the  I'SLE's  raiafall  factor  vith 
a  ruBoff  factor. 

<b)  Ellniaates  the  need  for  a  delivery  ratio. 

35.  5« 

1C)  I'sed  for  daily,  monthly  or  yearly  sedi¬ 
ment  yield. 

3.  Chukwuna ’ s  Modified  Rainfall  Factor 
for  Lae  tn  the  LSLL 

lOR 

(a)  Mas  only  received  limited  testine. 

(b)  Indicstioas  from  initial  testing  is  that 
preC'Ctions  for  siagle  storm  eveats  are 
improved. 

The  LSLE  is  applicable  for  small  to  medium  si/ 
baa  received  wide  acceptance  in  the  agricultur 
lag  Industry,  it  is  used  to  predict  annual  se<3 
predicting  sediment  yield  on  a  single  storm  ba 
upstream  control  measures.  The  modified  vers 
vidlng  good  predictions  for  single  storms,  but 

e  aatersheds  as  would  be  found  in  surface  mined  areas.  It 
al ,  construction  and  nining  fields.  Presently,  in  the  min- 
iment  yield  for  use  in  sizing  sediment  ponds.  A  method  for 
SIS  IS  desired  in  order  to  evaluate  the  effectiveness  of 
ons  of  the  LSLE  by  fillians  and  Chukwuma  appear  to  be  pro- 
more  testing  IS  required  of  both  methods. 

MesBureateat 
of  Suspeaded 
Solids  Conc^n- 
trstioas 

1.  Methods  of  Obtaining  Mater  Sanoles 
for  Laboratory  Analvsis  of  ss 
Concentrations 

(a)  Sample  is  extracted  as  water  passes 
over  the  veir  or  spillway. 

These  »eth<>ds  do  not  disturb  the  hy¬ 
draulics  vf  (he  stresmflow  when 
extracting  samples. 

1)  splitter  samplers 

5S 

11)  fractional  water  sediment  sampler 

59 

111)  Coshocton  wheel 

This  method  does  not  operate  properly 
for  heavy  loads  of  coarse  sediment. 
Modifications  have  been  applied  but 
then,  the' percent  of  fine  and  coarse 
sediment  sampled  varies  with  concen¬ 
trations  and  flow  rates. 

60.  61 

IV)  rotating  arm  sampler 

Variations  in  percent  of  sampled  flow 
with  changes  in  flow  rates  have  been 
reported. 

62,  107 

(b)  Sample  is  withdrawn  directly  from 
stream. 

1}  integrating  samplers 

a>  point  integrating 

Thia  method  does  not  allow  for  concen¬ 
tration  variations  in  the  stream  cross 
sect  ion . 

36 

b)  depth  integrating 

This  method  does  not  allow  for  concen¬ 
tration  fluctuations  with  time. 

64.  36 

11/  instantaneous  samplers 

Does  not  allow  for  either  spatial  vari¬ 
ations  or  temporal  fluctuations. 

63 

111)  pumping  samplers 

Samples  are  not  tsohinetivally  collec¬ 
ted.  Representative  samples  of  coarse 
sediment  a^e  not  obtained.  A  power 
source  Is  required. 

36 

iv)  special  samplers 

These  samplers  are  installed  to  collect 
one  sample  at  a  predetermined  stage. 

Thev  have  the  .same  disadvantages  cf 
instantar.eras  samplers 

36.  64.  65 
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Table  6 •  ( c  ontinued ) 


fUTERENrES  AND 
SOIRCES  OF 
ADDITIONAL 
INFORMATION 


COMMENTS 


SIMMARY 


‘V  littlo  h»!i  b»«Tv  :o\ine  in  tti** 
iiurc*  on  TOe  ol  ih^n«*  m^tnodn 


Me%<iur»m«at 
of  Cit«o«>nd«<l 
SoHd»  Cuncee- 
( rnc ions 


w*  vork  n«a  tM>en  r**p<irt*>d  un  ih**  use 
turhidily  fseiers 


Methods  of  Messureniea 


(s)  Turbidity  tseters 


(b)  Electronic  sensinc  methods 


to  Ultrasonic  methods 


(d)  Nuolesr  methods 


AlthO'jich  many  aethods  for  rieasuring  SS  conrentrstlwns  bate  been  dexeloped  of  tr.i 
only  tbe  splitter  samplers  and  fractional  »ater-sed iBtnt  saapiers  appear  to  pro*.; 
pies.  Of  rhe  meibcds  n-.'t  reciuiring  later  sample  collection  to  the  author  a  knoi 
meters  are  at  an  operati'-nal  point  of  deielopmenr.  And  it  appears  to  the  author 
vill  .hate  the  &uae  difll>ultv  experienced  by  point  intecratina  samplers  in  ‘abtaii 
neasurefM*nts  of  SS  concentrations. 


I 


Cont 


Cfijres  and  flwnes  in»ed  »< 
port  •*-at«»r  th»*  f4::r 

n^»*d  to  be  lined  a 


Tabl«  7,  Sujmnary  of  the  State  of  the  Art  of  Erosion 
and  Sediment  Control 


£K)SlO!l  PROCESS 


Detachment  b>  raindr>>p 
impact 


DetachaieRt  b>  ahear  due  to 
overland  floe 

(a)  Prevent  runoff  fr** 
entering  disturbed 
area 

(bi  Reduce  runoffs  effect 

1)  reduce  runoff  vol¬ 
ume 


li)  reduce  r'jnutf  velo¬ 
city 


Control  Soil  Detachment  for 
Rt  1  r~an3^Channel  Erosun 


1.  Prevent  the  occurrence  of 
nils  and  gullies 


Prevent  degradation  of 
channel  banks  and  b»-d'> 


(a)  reduce  velucttv  of 


(b)  orotect  '•nannei 


SECT 1 OH  1  -  EROSION  CONTROL 


METHODS  TECHMQl'E  OF  CONTROL 


Protect  ur  shield  soil  by  using 
vegetation  and/or  mulches  to  ab¬ 
sorb  Kinetic  energy 

•  tiuU'nes.  netting  and  methods 
if  anchoring 

-  vegetation  and  revegetation 
praci Ices 


Strengthen  or  atabilize  soil  to 
etthatand  kinetic  energy  of 
raindropN 

-  chemical  binders,  mulches, 
and  tacks 


Collect  and  divert  runoff  with 
inter<'eptor  dikes  or  diversion 

ditches 


REFlRESCiS  A.ND 

SCN  RCES  or 

ADDITIONAL 

INTORMATION 


Increase  infiltration  by  using 
v-egetatlon 


Vegetate  aurface  tc  retard  flow 


Reduce  slope  by  regrading 

Reduce  slope  length  hy  using 
diversion  ditches  and  contour 
trenching. 


Distribute  flo»  and  reduce 
velocities  with  level  spreaders 


Prevent  s<jll  particle  movement 
with  erosion  checks 


Lse  grade  control  structures 
such  as  check  dams  to  reduce 
hydraulic  gradients 

Dissipate  energy  by  using  ob¬ 
structions  such  as  baffles 
and  /T  using  rough  cnannel 
: inings 

Protect  channel  by  lining 
si'h  .ege^at  i-in  .  gabions. 
r:prjp.  concrete,  asphalt. 


Vegetation  root  systems  Increase 
infiltration  by  increasing  soil 
r>enneability  Additionally. 

*ol  age  prevents  the  surface 
from  being  sealed  by  raindrop 
impact  . 


ContouT  trencbing  also  increases 
in  f  il  t  rat  ion 


Erosion  checks  allow  passage  of 
subsurface  flows  but  prevent 
movement  of  soil  particles. 
These  are  used  in  »'wales. 
ditches  and  on  critical  slopes 


49 

69. 

70. 

71  . 

72 

49 

69. 

70. 

71  . 

72. 

73. 

74. 

”6 . 

76 

1 

'  49. 

69. 

70 

71  . 

77 

16. 

49. 

69. 

70, 

71  . 

72 

49 

69. 

70. 

71  . 

72. 

73. 

74  . 

75. 

76 

78 

49. 

69. 

70. 

71 . 

72. 

73. 

74. 

75, 

76  . 

76 

12. 

80. 

1 16 

16 

61 

49 

49.  70. 

71 

49.  69. 
72 

70,  71 . 

49.  70. 

71  .  72 

49  69. 

70.  71 

Table  7*  Icontinued) 


Annu«!  vi«ld  is  to  be  deter- 

eined  bv  the  ISLE. 


3.  Oeteotion  Time  (OSM  Reouireoents 


4 .  SurTsce  Ares 


Table  8*  Summary  of  Sediment  Pond  Design  Considerations 


REFERENCES  ARP 
SO(  RCES  OF 
AODITIOSAL 
INFORMATION 


DESIGN  CONSIDERATIONS 


nydrsullc  tusdi 


OSM  Reauiretnen 


(a)  Must  safely  pass  10>yr..  2-1-hr.  storw 
chrnucb  the  principal  spin<«ay  ooly 


Rout  ISA  techniques  to  assure  that  the 
nvdraulic  loading  requirements  are  me 
are  well  vstabli.shed  and  have  been 
discussed  in  Chapter  tl 


For  dams  20  ft.  (2.09  n)  hiRh  ur  less 
and  impounding  SO  ac>ft.  (12335  b3| 
or  less,  the  combined  discharge  rate 
of  the  principal  and  emergency  spill¬ 
ways  must  be  sufficient  to  safely 
pass  a  2S-yr  ,  24-hr.  storm. 


(c)  Fur  dams  exceeding  the  height  and/or 
inpoundoent  limits  mentioned  in  !(bi 
above,  the  combined  discharge  rate 
of  the  principal  and  emergency  spill¬ 
ways  must  be  sufficient  to  safely 
pass  s  100-yr. .  24-hr.  storm 


2.  Sediment  Storage  (OSM  Reuuireaient 


(a)  Accumulative  sediment  volume  from 
drainage  area  for  a  minimum  of  3  yr 


(b)  .1  ac-ft.  for  each  ac  (304  75 

of  disturbed  sres 


.039  ac-ft  for  each  ac  (106  67  m-*  ha) 
of  disturbed  area  if  operator  demon¬ 
strates  that  sediment  remuval  by 
other  methods  equals  the  reduction  of 
sediment  storage  volume. 


(a)  Defined  as  tine  difference  between  th 
centroids  of  the  inflow  and  outflow 
hydrographs. 


Detention  time  as  defined  here  is  not 
an  accurate  indicator  of  pond  effi¬ 
ciency 


(b)  24-hr.  detention  time  is  required  for 

10  yr.  -  24  hr.  precipitation  events. 


The  only  exception  to  the  detention 
time  requirement  is  If  the  operator 
can  demonstrate  that  OSM  effluent 
standards  are  met . 


There  are  no  OSM  requirements  for  sur 
face  ares.  Although  Hazen  has  shown 
thst  surface  area  is  one  of  the  must 
important  factors  in  determining  pond 
efficiency,  it  is  rarely  used  ss  a 
design  criterion  in  practice. 


(a)  Required  surface  area  is  based  on  the 
surface  loading  rate  (or  the  flew 
through  velocity  divided  by  the  criti 
cal  settling  velocity). 


The  surface  loading  rate  assumes  ideal 
set  1 1 ing. 


(b)  EPA  suggests  s  correction  factor  of  12 
be  applied  to  the  surface  area.  •:alvu- 
lated  from  the  surface  loading  rate,  to 
adjust  for  nnn-idesl  settling. 


(c)  Skelly  and  Loy  recofonend  correction 
factors  ba.sed  on  pond  shape. 


No  adequate  method  or  design  criteria  is  available  for  determining  pond  size  requrements  to  a-^sure  suff 
cient  time  for  sediment  settling  The  -surface  loading  rate  method  was  developed  for  permanert  -inirorr. 
basins  like  those  found  in  treatment  plants  Detention  time,  a*  defmea  her*,  can  be  mislexj.r.g  when 
’j.«ed  as  a  tr.«p  efficiency  indicator  Irregjiar  shape*  .of  ponas .  oon-unifonr  depths  fluctuating  '.ow 
rate*  and  fljctuating  sedi.r.ert  concent  ra' l'<n<  ai:  charscterist  ics  of  .surface  mine  sedirrient  pt'nda  hav 
thin  far  niadered  the  development  of  an  ."vecer*  ihlr  m«-:»ns  'or  airing  ponds 


Table  8*  (continued) 


REFLRtSCtS  J 
SOIRCES  OF 
ADDITIONAL 
ISrORWATlON 


DESIGN  CCMISIDLiUTIONS 


Ponds  in 
Series 


L'seJ  when  tupograpn  «i 
single  large  ponds. 


Csed  to  increase  detention  t me  i 
Though  tne  method  for  calculating 
leteatioB  time  for  settling  velo¬ 
city  purposes  is  not  establianed 


Smaller  ponds  can  be  used  in  senes 
with  primary  pond  to  remove  larger 
particles  before  they  enter  the  pri¬ 
mary  pond 


Smaller  ponds  in  series  may  be  useo 
instead  of  a  larger  one  to  facilitate 
cleaning  and  to  reduce  construciiun 
and  removal  costs. 


I'sed  when  chenicsl  coagulants  are 
employed ■ 


etnents  exist  for  use  of  ponds  in  aeries,  and  nctning  nss  been  found  in  the  literature  to  indicate 
Ls  in  senes  will  produce  higher  quality  effluent  than  single  large  ponds  if  all  other  factors  are 
Construction,  cleaning  and  remcial  costs  ir.av  favor  smaller  ponds  in  senes,  but  this  must  be  deter^ 
a  site  specific  basis.  The  present  method  of  employing  cnemical  coagu.iaois  requires  that  at 
>  ponds  be  used  in  senes. 


Pond  Shape 


Csed  as  an  indicator  of  possible  short 
circuiting 


For  irregular  shaped  ponds,  the  effec¬ 
tive  width  Is  equal  to  the  surface  area 
divided  by  the  effective  length  (or  the 
actual  length  of  the  flow  path  I - 


Baffles  can  be  used  tc  increase  effec' 
cive  flow  length. 


(d)  Recooetended  values  range  from  2  1  to 
5:1. 


2 .  Geomet  rlc  Shape  of  Pond 


Sediment  ponds  have  been  reported  with 
the  following  snapes  circular,  rec¬ 
tangular.  triangular  and  irregular 

Ske.ly  and  Loy  indicate  that  pond  shape 
affects  short  circuiting  and  provides 
adjustment  factors  for  surface  loading 
rates  based  on  pond  shape. 


Most  sediment  ponds  reported  in  the  literature  are  irregular  :n  shape,  taking  their  snape  from  the  exist' 
Ing  topography.  There  appears  to  be  no  concensus  on  the  best  geometric  snspe  tor  providing  the  best 
hydraulic  flow  conditions  for  sediment  removal.  Length/width  ratios  are  used  as  indicators  of  a  pond's 
susceptibility  to  short  circuiting.  Ratio  values  are  reconnended  by  different  agencies,  but  no  specific 
one  IS  required  by  OSM. 


Outlet  Design 


Table  8.  (continued) 


DESIGN  CONSIDERATIONS 


(a)  Dissipate  energy  to  reduce  velocities 
and  turbulence  and  thus  cause  deposi¬ 
tion.  to  acconplisb  this,  obstruc¬ 
tions  are  placed  la  the  llo*  path  in 
the  foWoving  fom 

I )  dumped  rocks 

il)  log  and  pole  structures 
III)  check  dams 
i\ )  baffles 

<b>  Distribute  flow  across  the  pond  width 
to  increase  the  effective  cross- 
secciooal  area  which  leduoes  velo¬ 
cities  and  increases  detention  tine, 
it  also  decreases  short  circuiting, 
methods  Include 

i )  apron  inlets 

ti)  baffles 

til)  multiple  inlets 

(0)  Filter  influent  to  remove  large  par¬ 
ticles  before  entering  the  pond,  two 
methods  are  available. 

i )  st raw  bales 

II )  silt  fences 


1. 

Prim 

:ioal  Soillwav 

(a) 

Size 

requirements  by  OSM  regulations 

1) 

capable  of  safely  passing  10  yr.- 
24  hr.  storm  without  emergency 
spillway. 

ID 

must  provide  24  hr.  detention 
time  for  10  yr.-24  hr.  storm. 

<b) 

Location  considerations 

i ) 

provide  a  maximum  travel  distance 
from  inlet ; 

il) 

minimum  short  circuiting  and 
dead  space 

(c) 

Types 

1) 

standard  riser  pipe  with  trash 
rack  and  antivortex  deftce  with 
or  without  perforations. 

ID 

troughs  aqd  skimming  weirs. 

111) 

lined  channel  spillways. 

2. 

Dewaterine 

(a) 

Used  to  lower  pond  level  to  provide  more 
storage  for  next  runoff  event. 

(b) 

Desirable  to  minimize  dewatering  for  two 
reasons ; 

D 

poor  quality  water  Is  usually  with-  ^ 
drawn . 

ID 

permanent  pools  are  de-irablt  be¬ 
cause  they  increase  de  '»ntlon  time 
and  help  prevent  «C'-'ur  i.ised  bv 
inflow  velocities. 

REFERENCES  AND 
SOIRCES  OF 
AODtTlOSAL 
INFORMATION 


14.  16.  27.  69. 
102 


70.  96  99.  103. 

104 


27.  69.  100.  104 
49.  69.  70.  72 


Table  8.  (continued) 


REFERENCES  ANt> 
SOl'ftCES  Of 
ADOITIOSAt 
INFORMATION 


DESIGN  CONSIDERATIONS 


Outlet  Deeiga 


<c)  Types  of  dewsterlnn  devices 


iriKle  or  mulliole  perforated 


1)  siphoa  drawdowns 


tv)  subsurface  drains 


Filters  around  perforated  risers  have 
been  tried  but  have  been  found  to  clog 
too  easily. 


Commercially  manufactured  fiberglass 
(skimnlng  weir)  filters  are  available 
for  use  in  conjunction  with  discharge 
troughs. 


Combined  principal  and  emergency  spill¬ 
ways  must  be  capable  of  safely  passing 
a  design  storm  specified  by  OSM. 


(b)  Normally  consists  of  a  lined  channel 


Permanent  pools  are  desirable  m  that  they  increase  detention  time  and  protect  the  deposited  sediment 
from  resuspensiOR  by  the  influent.  However,  no  quantitative  studies  have  been  found  which  indicate  (he 
optimum  size  of  the  permanent  pool  or  its  quantitative  relationship  with  effluent  quality.  An  ideal 
dewatering  method  ic  not  presently  available.  The  one  method  which  provides  good  quality  effluent  re¬ 
quires  an  operator.  Filters  used  «itb  outlet  structures  have  been  unsuccessful  due  to  clogging  A  tank 
filter  which  has  been  used  in  septic  tjnks  successfully  for  15  years  has  recently  been  used  in  sediment 
ponds.  No  reports  on  Its  effectiveness  in  sediment  ponds  have  been  found. 


1 .  Uses 


(a)  Dissipate  energy 

(b)  Distribute  flow  evenly  across  pond 


(C)  Direct  flow 


(b)  Rough  sawed  lumber  or  exterior  plywood 


(c>  Impermeable  pla.stlc  brattice  cloth 


COMMENTS 

Advaniagea  Disadvantages 

No  operator  re¬ 
quired 

Poor  quality  efflu¬ 
ent 

No  base  flow  stor¬ 
age 

No  operator  re¬ 
quired 

Poor  quality  efflu¬ 
ent 

Provides  some 
base  flow  storage 

Mater  is  always 
withdrawn  below 
surface 

Good  quality  ef¬ 
fluent  -  water  is 
withdrawn  only 
when  clear 

Operator  required 

No  operator  re¬ 
quired 

Easily  clogged 

Good  quality  ef¬ 
fluent 

Expensive  to  in- 
stal  1 

The  effectiveness 
sediment  ponds  is 

of  these  filters  for 
unknown . 

De-iign  storms  specified  by  OSM  all 
shown  above  under  Pond  Size  Design 
Considerat ions . 

Table  9 


Sianunary  of  Reviewed  Models 


TYPE 

NAME 

COMMENTS 

RKFBRBNCIS 

« 

Hydrograph 

Modali 

WASH  Modal 

O.S.U.  Varslon 

Empirical  modal 

Mathematical  aquations 
simulate  hydrologic  procaaaea 

110 

Lumped  system  approach 

USOAHL-70 

Mathematical  aquations 
simulate  hydrologic  procassae 

130 

Sami-lumped  system  approach 

- 

Purdua  Modal 

Finite  difference  model 

131 

« 

Sadimant  Yiald 
Modala 

David  and  Baar's 

Model 

Uses  KWM  hydrologic  modal 

Lumped  system  approach 

112,  115 

Onstad  and  Foster's 
Modal 

Uses  USDAHL-73  hydrologic 
model 

113 

* 

Saml-lumpad  system  approach 

Simons'  Modal 

Finite  difference  model 

116 

Pond  Oaalgn 

Modala 

Nesbitt  and  Notary's 
Modal 

Combines  hydrologic  model 
and  computerlted  routing 
technique 

132 

Selects  optimum  riser  and 
pipe  site  based  on  a  required 
de tension  time 

DEPOSITS  Model 

Empirical  model 

Uses  WASH  hydrologic  model 
Predicts  pond  performance 

3* 
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CURRENT  RESEARCH 


The  knovm  current  research  listed  below  is  a  by-product 
of  the  main  investigative  work  of  this  study.  As  it  was  not 
the  main  objective  of  this  thesis,  an  exhaustive  search  was 
not  conducted  solely  for  its  completion.  It  therefore  should 
not  be  considered  as  comprehensive. 

The  Federal  EPA^^^  Cincinnati  reports  current  re¬ 
search  in  the  following  areas: 

1,  Demonstration  of  the  effectiveness  of  the  modified 
block-cut  method  of  svurface  mining  in  providing 
on-site  control  of  sedimentation 

2,  Evaluate  the  effectiveness  of  head-of-hollow  fill 
and  mountain  top  removal  mining  methods  in  re¬ 
ducing  erosion  and  landslides 

3,  Determination  of  the  feasibility  of  using  a  vege¬ 
tative  filter  zone  to  assist  in  controlling  fine¬ 
grained  sediments  originating  from  surface  mining 
activities 

4,  Demonstrations  of  the  best  methods  of  preventing 
erosion  from  haul  road  construction  areas 

5,  Demonstration  of  the  value  of  fly  ash  to  improve 
soil  conditions  and  vegetative  growth  on  svirface 
mined  land 

6,  Demonstration  of  effectiveness  of  debris  basins  to 
control  sediment  discharges  for  siirface  mining  op¬ 
erations  in  steep  slope  terrain 

7,  Development  of  aquatic  grasses  in  ponds  to  improve 
the  suspended  sediment  removal  efficiency  of  the 
pond 

8,  Development  of  a  mathematical  model  to  predict  water 
quality  of  svurface  and  subs\irface  runoff  on  surface 
mine  spoils  in  the  Rocky  Mountain  Region 


Vogell25  reports  the  following  current  research  being 
conducted  at  the  School  of  Forestry  at  the  University  of 
Kentucky* 

1,  Determination  of  the  feasibility  and  economics  of 
using  waste  products  from  sawmills  and  other  wood 
processing  plants  for  mulch  and  amendments  on 
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stirface-mlne  spoils 


2«  Evaluation  of  the  effects  of  different  mulches 
and  application  techniques  on  the  survival  and 
growth  of  tree  seedlings 

Davis  et  al,^^^  reported  in  1977  the  following  current 
research  being  conducted  by  the  Montgomery  County  Department 
of  Environmental  Protection  (MCDEP)  in  Maryland. 

Development  of  the  following  relationships! 

!•  Sediment  loads  flowing  into  a  basin 

vs.  percent  exposed  tributary  area 

vs.  rainfall  (incremental  and  peak  intensity, 

and  storm  volume) 

vs.  runoff  (peak  flow  and  volvune) 

vs.  soil  tyi)e  and  texture 

vs.  average  land  slope  (percent  and  length  of 
slope) 

2.  Rainfall  intensity  vs.  peak  sediment  load 

3.  Total  sediment  load  meastired  vs.  predicted  using 
USLE 


The  Bureau  of  Minesl29  is  conducting  research  on  the 
hydrology  and  water  quality  of  watersheds  subjected  to  sur¬ 
face  mining.  Two  objectives  of  their  study  arei 

1.  Develop  or  adapt  a  ground-water  model  for  simula¬ 
tions  of  ground -water  flow  conditions  and  movement 
of  solutes  for  the  pre-  and  post-surface  mining 
conditions 

2.  Develop  or  modify  a  computer  model  for  simulation 
of  the  hydrologic  and  water  quality  regimes  of  the 
study  watersheds  for  both  pre-  and  post-  surface 
mined  conditions 


Robinson  and  Meyerl-19  reported  in  1976  the  following 
research  areas,  and  where  the  work  is  currently  underway. 

This  list  is  taken  directly  from  Robinson  and  Meyer's  report. 

1.  Improve  erosion  prediction  relationships  for  steep, 
flat,  and  long  slopes  using  concepts  derived  from 
model,  laboratory,  and  field  data* (Oxford,  Lafay¬ 
ette) 
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2,  Determine  factor  values  for  new  or  existing  prac¬ 
tices  not  yet  evaluated  for  the  USLE  (Lafayette* 
Columbia*  Oxford*  Pullman) 

3«  Study  the  characteristics  of  rainfall  and  runoff 
that  affect  soil  erosion  rates*  especially  In  the 
Southeast*  Southwest*  and  Northwest*  where  R  fac¬ 
tor  values  in  the  USLE  are  unsatisfactory  or  un¬ 
known  (Oxford*  Pullman*  Tucson) 

4,  Eval\iate  soil  erodibility  characteristics  of 
major  agricultural*  construction  site*  and  surface- 
mine  soils*  subsoils*  and  mixed  soils  and  corre¬ 
late  these  characteristics  with  readily  obtainable 
physical*  chemical*  and  spectral  parameters  and  with 
relative  susceptibility  to  rill  and  interrill  ero¬ 
sion  (Oxford I  Watkinsvillei  Lafayette t  Coshocton* 
Ohlot  Colximbiai  Morris*  Minnesota}  Pullmant 
University  Park*  Pennsylvania) 

5,  Adapt  the  USLE  for  construction*  mining  and  ur¬ 
ban  conditions  and  evaluate  the  equation’s  factors 
for  these  conditions  (Lafayette*  Oxford*  University 
Park*  Coshocton) 

6,  Conduct  basic  research  to  study  erosion  deposition 
processes  to  serve  as  foundation  for  developing 
new  applied  erosion  models  (Lafayette*  Cloumbia* 
Oxford) 

?•  Develop  new  erosion  equations  to  replace  the  USLE* 
based  on  mechanics  of  erosion  concepts*  such  as 
separation  of  rill  and  interrill  erosion  (Lafayette* 
Columbia*  Oxford) 

8.  Study  erosion  processes  and  erosion  control  systems 
for  land  where  erosion  results  primarily  from  rain¬ 
fall  and  snowmelt  on  frozen  soils  (Pullman) 

9.  Explore  the  potential  for  decreasing  erosion  by 
topographic  modification  and  mulching  on  roadsides* 
mine  spoil*  and  other  massive  landforming  situations 
(Oxford*  Lafayette*  Coshocton) 


vfu  and  Bedfordl29  at  The  Ohio  State  University  are 
developing  a  rational  model  of  the  erosion  process  that  can 
account  for  the  input  variables  of  rainfall*  soil  properties 
and  topography  as  statistical  quantities. 


CONCLUSIONS 


The  following  are  the  conclusions  drawn  by  the  author 
about  the  State  of  the  Art  of  sediment  control#  A  few  gen¬ 
eral  comments  will  be  made  first#  followed  by  more  specific 
statements  about  the  individual  topics  covered  in  this  re¬ 
port# 

The  motivation  behind  the  research  for  improvements 
in  erosion  and  sediment  control  for  surface  mined  areas  is 
the  high  effluent  requirements  set  by  OSM#  Many  operators# 
however#  feel  that  there  is  no  logical  basis  for  the  OSM 
effluent  standards  and  that  they  are  arbitrarily  applied  a- 
cross  the  country  with  no  regard  for  the  differences  of  hy¬ 
drologic  conditions#  topography#  soil  type  or  quality  of 
receiving  waters.  Many  cases  are  reported  where  the  receiv¬ 
ing  waters  have  higher  SS  concentrations  than  OSM  will  allow 
mine  operators  to  discharge# 

The  purpose  of  this  study  was  not  to  determine  the  ap¬ 
plicability  of  the  Federal  regulations#  These  comments  have 
been  presented  merely  to  provide  the  reader  with  a  perspec¬ 
tive  of  the  situation.  The  author  has  received  the  distinct 
impression  that  in  the  coal  industry#  in  general#  there  is 
a  greater  demand  for  changing  the  effluent  requirements  than 
there  is  for  developing  means  to  meet  them. 

The  CTirrent  State  of  the  Art  of  sediment  control#  as 
practiced#  is  not  capable  of  meeting  effluent  requirements 
during  and  after  design  storm  events  if  clay  is  present  in 
the  sediment.  Pilot  control  programs  in  certain  parts  of 
the  country#  however#  have  been  able  to  meet  the  require¬ 
ments  by  using  coagulation. 

The  following  conclusions  will  address  subject  areas 
in  the  order  of  presentation  in  Chapters  II#  III#  IV#  and 
V,  The  hydrologic  and  hydraulic  tools  are  sufficiently  well 
developed  to  meet  their  requirements  in  the  c\irrent  methods 
of  designing  control  measures.  However#  two  areas  requiring 
more  research  if  design  techniques  are  to  be  refined  are  as 
follows  I  1)  the  hydraulics  and  sediment  transport  through 
non-submerged  vegetative  filters#  and  2)  hydraulics  and  sed¬ 
iment  deposition#  resuspension#  and  transport  in  sediment 
ponds. 

Sediment  classification  is  not  nearly  as  well  defined 
as  soil  classification.  More  work  will  be  required  in  this 
area  if  predictions  of  particle  size  distributions  are  to  be 
made.  Refinements  in  this  area  would  also  be  an  aid  in  de¬ 
termining  the  sources  of  sediment  and  consequently  an  aid  in 
determining  effectiveness  of  control  measures. 
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Sftdlment  graphs,  which  portray  the  time  rate  of  sedi¬ 
ment  load,  have  not  received  much  use.  Few  reports  have 
been  found  on  the  subject.  Perhaps  the  importance  of  such  a 
tool  needs  to  be  examined  first.  Peak  SS  concentrations  ap¬ 
pear  to  be  sufficient  for  designing  ponds  without  chemical 
coagulants.  If  however,  coagulants  are  to  be  used,  a  com¬ 
plete  time  history  of  the  sediment  load  will  aid  in  deter- 
^nlng  required  ranges  of  chemical  coagulant  application 
rates. 

Many  means  of  sampling  water  to  determine  SS  concentra¬ 
tions  have  been  developed.  However,  only  two  methods  were 
found  in  which  samples  appear  to  be  representative  of  the 
entire  flow  cross  section.  Both  of  these  require  drop 
structures. A  reliable  method  of  obtaining  representative 
water  samples  without  a  drop  structure  or  a  means  of  deter¬ 
mining  representative  SS  concentrations  without  taking 
water  samples  is  needed.  Many  studies  report  findings  of 
observed  effluent  qualities,  but  fail  to  mention  the  method 
used  to  measiire  the  sediment  concentrations.  Standardization 
in  this  area  is  required  if  studies  are  to  be  correlated. 

In  the  area  of  sediment  yield  prediction,  much  work 
has  been  done.  Satisfactory  results  are  being  reported  in 
obtaining  good  predictions  of  yields  on  an  annual,  monthly 
and  single  storm  basis  by  using  the  USLE  or  one  of  its  mod¬ 
ifications.  The  main  drawback  on  these  methods  are  that 
they  are  empirical,  and  much  data  is  still  required  for  their 
successful  use  on  surface  mined  areas.  These  methods  seem 
to  be  capable  of  meeting  the  present  demand  for  accuracy  of 
sediment  prediction.  However,  there  are  a  few  who  claim  a 
need  for  a  more  physically  based  prediction  equation. 

Qualitatively  the  erosion  process  is  well  defined,  and 
the  principles  for  its  control  are  understood  and  being  ap¬ 
plied.  Difficulty  does  exist  however,  in  quantifying  the 
erosion  processes  and  the  effectiveness  of  the  control 
measures. 

There  is  a  great  deal  of  effort  presently  directed  at 
determining  the  best  methods  of  revegetating  disturbed  land. 
Proper  revegetation  will  of  course  solve  the  long  range  prob¬ 
lem  of  erosion  of  surface  mined  landi  however,  the  problem 
will  still  exist  on  all  disturbed  land  until  a  proper  vege¬ 
tative  cover  is  restored.  In  the  mean  time,  other  erosion 
and  sediment  control  measures  need  to  be  applied. 

There  are  basically  two  sediment  control  processes, 
filtration  and  settling.  Filtration  has  not  received  much 
success  except  in  areas  of  small  flows.  The  process  itself, 
for  removing  fine  particles,  is  too  slow. 


Settling  has  been  done  on  a  small  scale  by  using  sed¬ 
iment  traps  and  on  a  large  scale  with  sediment  ponds.  Re¬ 
moval  of  leurge  particles,  generally  found  in  bed  load  mate¬ 
rial.  is  no  problem  and  can  easily  be  handled  with  sediment 
traps.  As  the  particles  decrease  in  size,  the  difficulty  of 
removal  increases.  Particles  of  colloidal  size,  are  for 
practical  pvirposes,  impossible  to  remove  without  the  use  of 
chemical  coagulants.  However,  very  few  ponds  include  chemi¬ 
cal  treatment  in  their  design  even  thoxigh  the  sediment  con¬ 
tains  clay,  which  is  not  being  removed.  The  reason  for  not 
using  chemical  coagulants  appears  to  be  its  expense  and  the 
lack  of  established  methods  and  procedures  for  determining 
application  rates,  and  for  adjusting  them  for  fluctuations 
in  flow  rates  and  sediment  concentrations. 

Qualitatively,  the  factors  involving  pond  efficiency 
have  been  defined »  however,  many  are  not  well  defined  quan¬ 
titatively,  Exact  relationships  between  pond  efficiency  and 
permanent  pool  size,  length/width  ratio  and  the  geometric 
shape  of  the  pond  still  defy  definition. 

Outlet  structures  and  dewatering  devices  in  most  cases 
are  not  designed  in  accordance  with  established  principles. 
For  example,  it  is  known  that  there  exists  a  certain  minimum 
detention  or  settling  time  required  for  particles  of  a  given 
size  to  settle  out.  Also,  it  is  an  accepted  principle  that, 
barring  algae  growth,  the  highest  quality  of  water  will  be  at 
the  surface  of  the  pond.  In  spite  of  these  principles,  many 
outlet  designs  withdraw  water  with  little  or  no  settling 
time  and/or  remove  the  lower  quality  subsurface  water. 

The  difficulty  in  defining  and  quantifying  design  cri¬ 
teria  for  sediment  ponds  is  due  to  the  irregularities  in 
pond  shapes  and  depths,  and  the  non-uniform,  unsteady  hy¬ 
draulic  conditions  which  exist.  Perhaps  computer  models, 
using  finite  difference  or  finite  element  schemes,  could  be 
used  to  simulate  and  explain  the  hydraulic  and  transport 
phenomenon  within  the  sediment  ponds  in  order  to  achieve  a 
better  understanding  of  the  entire  process.  Once  the  proc¬ 
esses  are  better  understood,  design  charts  and  rules  of 
thumb  based  on  the  physics  of  the  problem,  can  be  developed 
for  simplfying  design. 

Presently,  an  empirically  based  model,  the  DEPOSITS 
model,  is  being  used  to  simulate  pond  performance.  This 
Is  currently  the  most  widely  accepted  and  perhaps  only  model 
for  pond  modeling,  Models  used  to  obtain  hydrographs  and 
predict  sediment  yields  are  now  heading  away  from  empirical 
approaches  and  toward  simulating  the  individual  hydraulic  or 
erosion  processes  with  mathematical  formulas  and  finite 
element  schemes.  This  allows  for  the  modeling  of  the  inter- 
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action  of  the  many  individual  processes  involved. 


RESEARCH  NEEDS 


The  following  list  of  research  needs  was  compiled  dur¬ 
ing  this  study  from  the  opinions  expressed  by  individuals 
within  the  field.  The  research  needs  listed  range  from  spe¬ 
cific  research  on  instruments,  structures  and  methods  to 
general  Information  and  data  about  erosion  processes  and  sed¬ 
iment,  to  the  development  or  refinement  of  sediment  yield 
predictive  equations  and  methods, 

1,  Develop  an  automatic,  depth-integrating  sampler 
that  can  be  used  in  remote  facilities, o6 

2,  Research  to  improve  effectiveness  of  baffles  is 

needed, 127 

3,  More  research  is  needed  on  the  use  of  coagulants 
and  flocculants  especially  in  cold  weather, ^28 

4,  Study  the  characteristics  of  waterborne  sediment 

loads,  1>20 

5,  Develop  a  classification  system  for  sediment  sim¬ 
ilar  in  nature  to  the  existing  soil  classification 
method. 35 

6,  "Field  measurements  should  be  made  on  the  quanti¬ 
tative  effects  of  vegetative  cover  on  reducing  rain¬ 
drop  splash  erosion,  and  the  effects  of  vegetal 
stem  density  on  infiltration  rates  and  hydraulic 

roughness, "’21 

7,  In  order  to  develop  more  conceptually  sound  sedi¬ 
ment  yield  models,  more  research  into  the  process 
of  soil  erosion  and  crop  growth,  and  the  influence 
of  soil  moisture  on  both,  is  n»»eded,123 

8,  "More  research  work  is  needed  to  develop  quanti¬ 
tative  data  and  comparisons  of  the  actual  •effec-r 
tiveness*  of  most  conservation  measures, "^9 

9,  Data  collection  procedures  need  to  be  standard¬ 
ized, ^27 

10,  A  method  needs  to  be  developed  tc  predict  sedi¬ 
ment  characteristics  based  on  the  known  soil  char¬ 
acteristics  of  land  prior  to  disturbance, ^27,  123 
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•  "Relate  seasonal  vegetation  cover  and  land  use 
parajneters  derived  from  satellite  multispectral 
scanner  data  to  soil  erosion,  and  modify  existing 
equations  or  develop  new  equations  that  contain 
such  parameters  for  predicting  soil  loss. "119 

12 »  Develop  a  method  to  select  reasonable  parameters 
for  erosion  relations  by  physical  measurement  of 
spoil  or  topsoil  material,  so  that  an  accurate 
hydraulic  erosion  relation  can  be  obtained. 1^1 

13.  Collect  data  to  verify  values  for  the  length/slope 
factor  in  the  USLE  for  steep  slopes, ^9 

14,  "Additional  research  and  field  evaluation  should 
be  devoted  to  constantly  refining  the  equation 
(USL3)  to  meet  needs  expressed  from  the  field  and 
to  gain  improved  understanding  of  its  use  and  ap- 
pUcation."^8 

15«  Develop  a  more  physically  based  model  than  the 
USLE  to  achieve  a  better  ability  to  distinguish 
between  the  effects  of  various  treatments  and 
topographies, 121 

16,  Predictive  equations  are  needed  which  will  more  ac¬ 
curately  determine  sediment  concentrations  and 
volumes  reaching  trap  structures, 122 

17,  Determine  a  method  to  predict  the  expected  extent 
of  rill  formation  for  a  given  slope  and  soil. 121 

18,  The  suitability  of  the  USLE  and  existing  runoff 
models  for  use  in  surface  mined  areas  needs  to 

be  established, 12? 

19,  Research  is  needed  to  verify  that  the  MUSLE  is 
applicable  to  most  small  watersheds, 55 


RECOMMENDATIONS 


Based  on  the  results  of  this  study,  the  following  rec¬ 
ommendations  are  presented i  ' 

1,  The  effluent  standards,  as  required  by  OSM,  should 
be  reviewed  for  applicability.  The  review  should 
consider  the  dift’e-'-'icos  in  hydrologic  conditions, 
soil  type  and  topo^aphy  that  exist  in  the  different 
geographical  locations  throughout  the  United  States. 
Consideration  should  also  be  given  to  the  existing 
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water  quality  of  the  receiving  water,  as  well  as 
the  3S  concentrations  of  runoff  from  undisturbed 
land. 


2,  Methods  of  collecting  and  reporting  sediment  prop¬ 
erties  and  characteristics  need  to  be  standardized. 
In  addition,  a  standardized  method  for  determining 
and  reporting  SS  concentrations  needs  to  be  estab¬ 
lished  so  that  results  of  different  studies  can 
be  correlated, 

3*  More  research  effort  needs  to  be  directed  towards 
the  application  and  use  of  chemical  coagulants. 

In  addition  to  research  on  the  chemical  process¬ 
es  and  environmental  impacts,  reliable  methods  of 
physically  applying  the  chemicals  at  the  correct 
dosage  rates  for  variations  in  flow  rates  and 
sediment  concentrations  need  to  be  developed, 

4,  Effort  should  be  directed  towards  developing  a 
physically  based  model  to  simulate  the  hydraulic 
and  sediment  transport  phenomena  which  occurs  with¬ 
in  sediment  ponds. 
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APPENDIX 


This  appendix  lists  the  agencies,  universities,  and 
consultants  which  were  contacted  for  information  dxiring  the 
course  of  this  study. 


1,  United  States  Department  of  Agriculture  -  SEA 

A.  Federal  Research 
Southern  Region 
USDA  Sedimentation  Laboratory 
Airport  Road 
P.O.  Box  1157 
Oxford,  Mississippi  38655 

3.  Roger  E.  Smith 

Agricultural  Research 
Western  Region 
Engineering  Research  Center 
CSC  Foothills  Campus 
Port  Collins,  Colorado  8052 3 

C.  Gerald  E.  Schuman 
Agricultural  Research 
Western  Region 

High  Plains  Grasslands 
Research  Station 
Rt.  1,  Box  698 
C'-ieyenne,  Wyoming  82001 

D.  J.A.  Bondurant 
Agricultural  Research 
Western  Region 

Snake  River  Conservation  Research  Center 
Rt.  1,  Box  186 
Kimberly,  Idaho  833^1 

E.  Richard  Phillips 

SCS,  Engineering  Division 
269  Federal  Center 
Hyattsville,  Maryland  207^2 

P,  James  V.  Bonta 

Agr iculture 1  Research 
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